












Every individual is different, and each will have their own preference for the type of sport or exercise they prefer; this raises the question, what factors determine an individual’s sport or exercise preference? Reversal theory (Apter, 1982) has been used as a framework in various personality, stress, and motivational studies, including sport and exercise psychology (e.g., Bindarwish & Tenenbaum, 2006; Kerr & Kuk, 2001; Kerr, Wilson, Svebak, & Kirkcaldy, 2006; Males & Kerr, 1996; Thatcher, Reeves, & Dorling, 2003). A number of studies have focused on the relationship between metamotivational dominance (a personality characteristics in reversal theory) and sport preference (e.g., Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989; Svebak & Kerr, 1989). These studies have shown that telic dominant individuals (serious and goal oriented) are more likely to prefer and perform individual, endurance sports, such as marathon and endurance cycling, while paratelic dominant individuals (playful and spontaneous) are more likely to prefer and perform team or explosive sports, such as sprint running and baseball (Svebak & Kerr, 1989).
Success in sport is dependent, at least in part, upon numerous physiological factors with elite athletes tending to possess muscle fibre types which are associated with their sporting activity. For instance, numerous studies have shown that elite sprinters tend to possess a high percentage of fast-twitch muscle fibres in their leg musculature (Bergh et al., 1978; Costill et al., 1976). Shortening velocity of the muscle fibres in the loco-motor muscles has been used as a predictor of performance in sprint running since maximum running speed and 100 m sprint running time are positively correlated to the fast-twitch muscle fibre percentage in the vastus lateralis muscles (Mero, Luhtanen, Viitasalo, & Komi, 1981). 
Svebak et al. (1993) have reported that paratelic dominant individuals predominantly possess fast-twitch muscle fibres, while telic dominant individuals predominantly possess slow-twitch muscle fibres. Subsequently, using a reversal theory framework, Svebak (1999) has proposed a triangular relationship between metamotivational dominance, sport or exercise preference and biological composition. This triangular relationship is based on research that has found associations between metamotivational dominance and sport or exercise preference, sport or exercise preference and biological composition, and metamotivational dominance and biological composition (Fig. 1.1). Svebak’s proposition would suggest that when three of these components match (e.g., telic dominant individual with slow-twitch muscle fibre predominance who participates in endurance activities), the individual has a higher probability of success and of optimizing the joy of participating. However, this proposition has only been examined in elite athletes (Braathen & Svebak, 1990) and all three components have never been examined in a single study. 




Figure 1.1: Svebak’s (1999) proposed triangular relationship between motivational characteristics, sport or exercise preference and biological composition

In addition to dominance, reversal theory places emphasis on current state.  In the telic state an individual is motivated to be serious and goal oriented, and prefers a low level of arousal, whilst in the paratelic state an individual is motivated to be playful and spontaneous, and prefers a high level of arousal. The theory suggests that at any one time individuals are in one of these two metamotivational states and that they reverse between them regularly. Individuals who have a predisposition to spend more time in one of the two states are called telic dominant or paratelic dominant depending on their state preference. However, even though telic dominant individuals spend more time in the telic state, they do reverse to the paratelic state and vice versa (Apter, 1982). A number of studies have demonstrated support for reversals between states (e.g., Barr, McDermott, & Evans, 1993).
Failing to meet the needs of the currently experienced state may result in stress (Apter, 1989). There are two forms of stress in reversal theory: tension stress and effort stress. Tension stress is caused by a mismatch between levels of preferred and felt arousal, and effort stress is caused by the effort to lower tension stress. Both forms of stress can derive from sources internal or external to the individual (Apter, 1989). 
Different combinations of the telic-paratelic state and different levels of arousal generate four possible somatic emotions: anxiety, excitement, boredom and relaxation (Apter, 1989). According to reversal theory, when an individual experiences a high level of felt arousal and is in the telic state, they will experience anxiety, which is perceived as an unpleasant emotion. However, when the individual experiences a high level of felt arousal in the paratelic state, they experience excitement, which is perceived as a pleasant emotion. When the individual experiences a low level of felt arousal in the telic state, they experience relaxation, a pleasant emotion, but, when in the paratelic state, a low level of felt arousal results in boredom, an unpleasant emotion. Therefore, according to reversal theory, an individual’s experienced emotions (i.e., somatic emotions) are determined by their level of felt arousal and metamotivational state (Apter, 1989). By understanding participation in activities in which metamotivational state would result in better performance and less stress, individuals will be able to use sport and exercise as enjoyable activities more effectively. 
Various studies have examined metamotivational states in relation to sport and exercise (e.g., Kerr & van Schaik, 1995; Males, Kerr, & Gerkovich, 1998; Perkins et al., 2001). When performance in sport and exercise has been examined in relation to metamotivational states (e.g., Cox & Kerr, 1989; Kerr & van Schaik, 1995; Wilson & Kerr, 1999), results are not consistent. A major weakness of previous studies has been to assess the interactive effect of metamotivational state and dominance or stress and performance during sport and exercise. 
1.2 The Purpose of the Thesis







1.3 Structure of the Thesis














2. THEORETICAL BACKGROUND AND REVIEW OF LITERATURE

2.1 Theoretical Background: Reversal Theory

Reversal theory (Apter, 1982) is a psychological theory of motivation, emotion, and personality that purports to explain human behaviour as well as experience. The theory examines the phenomenological structure of experience, where an ‘inside-out’ approach is used which is referred to as structural phenomenology. In this approach, subjective meaning leads to outward behaviour, physiology, performance and relationships with others. Motivation is thought to be fundamental to experience and a continuing internal context for every perception, thought and action is provided by motivation, and a distinctive meaning is given to each experience. Motivation drives human behaviour, and, motivational needs are constantly changing from one context and time to another based on how an individual experiences events (Apter, 2001).  
According to reversal theory, some universal and essential characteristics exist when subjective experiences are examined, and there are four domains of subjective experience which are experienced by all individuals. The four domains are: means-and-ends, rules, transactions and relationships. Mental life is partly constructed in terms of means-and-ends. According to reversal theory an individual has a sense of direction of purpose and action, of where to go and what to do to get to a given point. Another domain in which experience is structured is rules, which control the way in which an individual behaves. In reversal theory, rules are any pressures experienced by the individual; they can be any laws, expectations, customary actions, habitual routines, etc. The third domain of experience is transactions with other people or things as we are constantly interacting with people, things, situations and images. Individuals are aware of the interaction involved in transactions e.g., conversations, monetary exchange etc. The last domain of experience is relationships; through interaction there is a relationship between an individual and someone or something. These relationships can be intimate or formal and open or closed (Apter, 2001).
Each domain has a bi-stable pair of metamotivational states which determine how that domain is experienced. Therefore, there are eight metamotivational states: for means-and-ends, these are the telic and paratelic states; for rules, the conformist and negativistic states; for transactions, the mastery and sympathy states and for relationships, the autic and alloic states. For each domain only one metamotivational state from the pair can be experienced at a given point in time. For instance, an individual can be telic in a given situation and paratelic in another but these are bi-polar pairs so the individual can not be in both at the same time. The telic, paratelic, conformist and negativistic states are called somatic states, and determine how an individual experiences arousal, which is termed felt arousal. The mastery, sympathy, autic and alloic states are called transactional states and reflect an individual’s interaction with other individuals or objects, which is called felt transactional outcome (Apter, 2001).
Means-and-ends has two bi-polar states it incompasses are the telic and paratelic states. The word ‘telic’ comes from the Greek word, “telos”, meaning goal. When an individual is in the telic state they are goal-oriented and trying to achieve something. In the telic state individuals tend to avoid high levels of arousal as too much arousal can make the person in this state feel anxious. In the paratelic state, on the other hand, the individual is playful; the word ‘paratelic’ comes from the Greek word, “para” meaning beside and “telos” for telic, meaning ‘beside goal’. Unlike the telic state when an individual is in the paratelic state enjoying the process is more important than the outcome. However, the individual in the paratelic state can have a goal, but that goal is merely an excuse for having fun at an engaging activity. The biggest difference between the telic and paratelic states is whether the focus is more on achieving goals not the process (telic) or enjoying the process not the results (paratelic; Apter, 2001).
The second domain of experience is rules; the two bi-polar metamotivational states experienced in relation to this domain are conformist and negativistic. This pair emphasizes how the individual regards any restrictions (which can be rules, traditions, regulations, or others’ expectations) on one’s behaviour in that state. Rules provide structure and meaning in a certain situation, and by obeying rules, individuals can adopt and fit into that situation with ease. In the conformist state obeying such rules is perceived as the right thing to do and can make the individual feel more positive about themselves. The opposite state, negativistic, is a state in which the individual feel rules are a restriction and they want to disobey, and to feel freedom from such rules (Apter, 2001). 
Within the transactions domain of experience the two bi-polar metamotivational states are mastery and sympathy. When an individual is in the mastery state, they are concerned with power; the individual will evaluate their relationship with another individual (or individuals) in terms of which individual is gaining or losing from the transaction and which side is stronger (or weaker). In the sympathy state the individual tries to be helpful, thoughtful, and kind and shares some affiliation and affection with others. They are considered to be opposing states since when in the mastery state an experience will be perceived as competitive while in the sympathy state the experience will be perceived as co-operative (Apter, 2001).    
The relationships domain of experience involves the autic and alloic states. In the autic state the individual cares more about their own outcome in relations with others; here, caring about oneself is very important. In contrast, in the alloic state the individual cares more about the other’s outcome (Apter, 2001). 
Emotion and arousal are important factors in the reversal theory framework. There are two variables: felt arousal and felt transactional outcome. Felt arousal is defined as, “the degree of feeling of being worked up, emotionally involved, intense, and the like that the individual experiences” (Apter, 2001, p. 18), and felt transactional outcome is, “the degree to which one experiences oneself to be gaining or losing in ongoing transactions (e.g., the degree to which one gains or loses such things as points in a game, money in a negotiation, or prestige in a conversation)” (Apter, 2001, p. 18). Specific emotions arise from experiencing particular combinations of metamotivational states. There is a total of 16 emotions that can be derived from the eight metamotivational state combinations (two emotions per combination). These are described more fully on page 12.  
Optimal arousal theory by Hebb (1955) has been used as a standard theory for almost a half century in motivation (Apter, 2001). According to Hebb (1955), in relation to arousal level, optimum hedonic tone, which represents sense of well-being, is achieved when arousal level is moderate; i.e., when arousal level is low or high, hedonic tone is low. The shape of the curve representing the relationship between hedonic tone and arousal, therefore, resembles inverted U. However, according to reversal theory, high and low arousals are not necessary unpleasant, indeed they can be pleasant. Figure 2.1 represents the relationship between felt arousal and hedonic tone according to reversal theory. Unlike the inverted U relationship, which has one curve, reversal theory hypothesises two curves, one for each of the telic and paratelic metamotivational states.




Figure 2.1: Felt arousal and hedonic tone relationship for the telic-paratelic state (from Apter, 2001, p. 42)

The telic-paratelic and conformist-negativistic pairs are referred to as the somatic pairs (Apter, 2001). Various combinations ofthe telic-paratelic, conformist-negativistic pairs and level of felt arousal result in eight different somatic emotions and felt arousal levels. When the telic and conformist states are active and felt arousal is low, an individual will experience a somatic emotion of relaxation whereas when felt arousal is high, anxiety is experienced. When the telic and negativistic states are active and felt arousal is low, the individual experiences placidity and anger with high felt arousal. When the paratelic and conformist states are active and felt arousal is low, the individual experiences boredom and with high felt arousal, excitement. When the paratelic and negativistic states are active and felt arousal is low, the individual will experience sullenness and, with high felt arousal, provocativeness. The other two pairs, the mastery – sympathy and the autic – alloic states involve interaction with others, and with combinations of these state pairs and level of felt transactional outcome generate transactional emotions. When the mastery and autic states are active, and felt transactional outcome is low, the individual experiences humiliation, and when felt transactional outcome is high, pride. When the mastery and the alloic states are active, an individual experiences modesty with low felt transaction and shame with high felt transaction. When the sympathy and the autic states are active, an individual will experience resentment with low felt transaction and gratitude with high felt transaction. When the sympathy and the alloic states are active, an individual experiences virtue with low felt transaction and guilt with high felt transaction (Apter, 2001).
As previously identified, each of the metamotivational states is mutually exclusive (Potocky & Murgatroyd, 1993), which means that a person can not be in both states at the same time; e.g., an individual who is in a telic state can not simultaneously be in the paratelic state. However, they can, and do, reverse between these states. The process of reversal between states is involuntary and reversal to the opposite state cannot be consciously decided (Apter, 1982). However, an individual can induce a reversal of state by exposure to stimuli, which can trigger a reversal. 
There are three factors that can trigger the reversal of people’s metamotivational state, and they are: contingent events, frustration, and satiation (Apter, 1982). Contingent events refer to environment stimuli. Frustration occurs when a person can not experience a satisfying outcome with the currently operating metamotivational state. Satiation is the last cause of reversal; a lack of stimulation by having spent time in one state, which can cause boredom or anxiety, can cause the reversal. A study by Hudson and Walker (2002), which examined golfers’ reversals of metamotivational state during match play golf, identified that these three factors did induce reversals during competition. Contingent events were the primary reason for reversals, followed by frustration and satiation. For example, an opponent golfer, an environmental stimulus, playing better was a contingent event that triggered reversals. Making a mistake resulted in frustration, and losing to a point where the player has no chance of coming resulted in satiation, all of which caused reversals between states.  
Individuals have a tendency to spend the majority of the time in one state from each pair. According to Apter (1984), individual differences at the metamotivational level represent predispositions or tendencies to spend time in one state rather than the other state, and this tendency is called ‘dominance’. For example, a person who tends to spend most of the time in a telic state is telic dominant. A person, on the other hand, who spends most of the time in the paratelic state, is paratelic dominant. However, while it is possible to reverse out of this dominant state it is easier to reverse, because of contingent events, into this dominant state, and an individual satiates more slowly and feels less frustrated in their dominant state rather than the opposing state (Apter, 1984). Therefore, via contingent events, individuals will reverse easily to their dominant state and slowly satiate from, and, experience less frustration in that state (Frey, 1999). 
Because an individual reverses and spends periods of time in both bipolar states, dominance is not considered a trait rather, a dispositional tendency. For example, a study by Svebak and Apter (1984) examined the relationship between telic dominance and Type A personality. Their findings revealed that telic dominance and Type A personality were independent psychological characteristics, and therefore, both telic and paratelic dominance individuals can display behaviour associated with a Type A personality. The examination of inconsistency in behaviour has been a main focus of reversal theory research. Inconsistent behaviours cannot be explained by personality traits, but such behaviour can be explained by reversal theory’s metamotivational state concept (Apter, 1982).
The present thesis will focus on the telic-paratelic states, because Svebak’s proposed triangular relationship examined the telic-paratelic metamotivational personality, and the majority of reversal theory based research in sport and exercise has examined the telic-paratelic pairs (e.g., Hudson & Walker, 2002; Kerr & Vlaswinkel, 1993). The focus on this metamotivational state pair in sport and exercise research stems from its link with arousal which has demonstrated importance with these contexts (Bindarwish & Tenenbaum, 2006; Kerr & Vlaswinkel, 1993).








In the second part of this chapter, variables of interest in relation to reversal theory and sport and exercise physiology, including heart rate variability, along with research findings related to personality and behaviour are reviewed.  

2.2.1 Metamotivation (Telic-Paratelic) and Sports Participation

Using reversal theory, researchers have examined the relationship between metamotivational dominances (telic-paratelic) and sports participation (e.g., Kerr, 1987; Kerr & van Lieden, 1987; Svebak & Kerr, 1989) as well as changes in metamotivational states (telic-paratelic) before, during, and after sports participation (e.g., Fujiyama, Wilson, & Kerr, 2005; Hudson & Walker, 2002; Kerr & Gerkovich, 1998; Kerr & van Schaik, 1995;Kerr & Vlaswinkel, 1993; Kerr, Yoshida, Hirata, Takai, & Yamazaki, 1997; Kerr, Wilson, Svebak, & Kirkcaldy, 2006; Perkins et al., 2001).  

2.2.1.1 Telic-Paratelic Dominance and Sport

One of the main foci of research using a reversal theory framework is whether metamotivational dominance influences level and type of sport participation and has examined metamotivational dominance in elite and non-elite athletes within the same sport (Kerr, 1987; Kerr & van Lienden, 1987; Svebak & Kerr, 1989). Kerr (1987) investigated telic-paratelic metamotivational dominances of professional, serious amateur and recreational athletes using the Telic Dominance Scale (TDS; Murgatroyd, Rushton, Apter, & Ray, 1978). On the TDS, a higher score represents telic metamotivational dominance, while a lower score represents paratelic metamotivational dominance. There are three subscales on the TDS: serious-mindedness, planning orientation, and arousal avoidance. The professional group, made a living from sport, consisted of footballers and cyclists (N=37), the serious amateur group, trained regularly and participated in competition, consisted of field hockey players, table tennis players, and show jumpers (N=38), and the recreational athletes (N=45), did not train regularly and did not compete and participated for pure recreation. People who did not participate in sport were also included as a control group (N=20) in the study. 
The professional group scored significantly higher than all other groups on serious mindedness and planning orientation along with total TDS score, suggesting that professional athletes generally tended to be more serious minded than amateur and recreational athletes. Results showed that professional and highly committed athletes are more likely to take involvement in sport more seriously than nonprofessional and less committed athletes; therefore, sport participation is a telic activity for professional athletes, while individuals who participate with less commitment tend to perceive sports as a paratelic activity. 
Masters level athletes, who participate in competitive events, also tend to be telic dominant. Kerr and van Lienden (1987) compared a Masters group of swimmers (N=38), who were former national, international, and Olympic level swimmers, with the professional, serious amateur, and recreational athletes from Kerr’s study (1987). The Masters group scored significantly higher than the serious amateur and recreational athletes on serious mindedness and planning orientation subscales as well as total TDS scores. However, there were no significant differences when the Masters group was compared with the professional athletes. Kerr and van Lienden (1987) suggested that the Masters group perceive sport participation as a telic activity similar to the professional athletes, because they were still involved in training for competition.
To explore metamotivational tendencies in athletes from different countries, Kerr (1988) examined competitive male rugby players from four different countries (Australia, Canada, England and Wales). As reported in previous studies (Kerr, 1987; Kerr & van Lienden, 1987), competitive rugby players were found to be telic dominant and no cultural differences were found between them, adding further support to this idea that the level of sport participation may play an important role when determining athletes’ metamotivational dominance. The findings of an investigation by Sell (1991) were in agreement with Kerr and colleagues (1987, 1988), as elite amateur (N = 15) and professional triathletes (N = 32) scored higher in serious-mindedness and planning orientation than amateur athletes. Several studies have shown that telic-paratelic metamotivational dominances are related to level of competition, where telic dominance is identified in people who participate at a higher level.  
The main limitation with these studies is that elite, professional athletes are identified as telic dominant individuals and recreational athletes as paratelic dominant individuals. However, there may be individuals who are paratelic dominant, who are still elite, professional athletes. To address this limitation, preference of sport and dominance were need to be identified in future research.
The relationship between preference in types of sport and dominance has also been studied in relation to reversal theory (Apter, 2001). Studies have shown consistent relationships between telic-paratelic dominance and preference in types of sport played. Svebak and Kerr (1989) examined the relationship between sport preference and metamotivational dominance (telic and paratelic) using the TDS. The first part of the study compared an explosive sports group, which consisted of Sydney’s top tennis players (both male and female) and university level female field hockey players, and an endurance sports group, which consisted of runners competing in high-level competition in New South Wales (both male and female). The endurance sports group scored significantly higher on the planning and arousal avoiding subscales. When the groups were balanced for age, the differences between the two groups increased. However, the majority of the explosive group consisted of women and the endurance group mainly consisted of men. Therefore it is unclear if these dominance differences can be attributed to sport type or sex.
To resolve the uncertainty from the first part of the study, in the second part of the study, Australian university students studying Human Movement (N = 64) were asked to list three sports that they enjoy in their leisure time and their lifestyles, and their metamotivational dominance was measured using the TDS. The authors hypothesized that telic dominants would have a goal-directing and well planned lifestyle and be more involved in endurance sports (such as jogging and cycling) which involve repetitive, monotonous movements. Paratelic dominants, in comparison, were hypothesised to have unplanned impulsive lifestyles and be more involved in explosive and/or impulsive sports such as baseball, basketball, and cricket. The results indicated that extremely paratelic dominant subjects liked to play baseball, cricket, touch football, surfing, and windsurfing, while extreme telic dominant subjects enjoyed long distance running and rowing. Studies have shown mixed results among elite athletes, and it remains unclear whether elite athletes tend to possess a telic personality regardless of sport, or metamotivational dominances differ in relation to sport. This series of studies did not examine why individuals prefer/participate in their sports. It is still unclear whether individuals choose such sports because of their metamotivational dominances or participating in these sports have affected dominance.
Relationships between dominance and participation in risk taking sports have also been studied (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989). Kerr and Svebak (1989) investigated the relationship between dominance and preference for safe and risky sports by asking participants (university students) to list their first three preferences for summer and winter sports and the summer and winter sports in which they actually participate. The results indicated that paratelic dominant participants preferred risky sports, such as canoeing, caving and downhill skiing, while telic dominant participants preferred safer sports, such as archery, bowling and frisbee. The results also indicated that actual risk sport participation was associated with paratelic dominance and suggested that both preference and actual participation in risky sports is associated with a paratelic lifestyle, while both preference and actual participation in safe sports is associated with a telic lifestyle. 
Similarly, a series of studies by Kerr (1991) investigated participation in risk taking sports in relation to dominance using TDS. The first study found that surfers (N = 32) and sailboarders (N = 32), which are considered risky sports, were more paratelic than weight trainers (N = 39), a safer sport. The second study found that parachutists (N = 21) and motor cycle racers (N = 18; risky sports) were more paratelic than marathon runners (N = 17; safe sport). The last study compared glider pilots (N = 25) and sedentary members (N = 25) of the UK general public and found that glider pilots were more paratelic dominant than the general population. A subsequent study by Cogan and Brown (1999) compared snowboarders (risky sport) and badminton players (safe sport) and similar results were found, with snowboarders being paratelic dominant and badminton players being telic dominant. These results suggest that paratelic dominant individuals prefer risky activities, which increase arousal level, while telic dominant individuals prefer safe activities, which have a lowering effect on arousal. The main limitation with these studies is that even though, for example badminton is considered a telic activity in relation to risk level, it may be considered a paratelic activity, when type of movement is considered, based on the explosive movements it involves.
Earlier studies have examined telic-paratelic dominance in a range of levels of sport participants (i.e., professional, amateur and recreational). However, later studies have examined telic-paratelic dominance among participants of different kinds of sport (i.e., endurance, explosive, high risk, low risk). It is therefore unclear whether differences among metamotivational dominances are a result of level of participant or sport preference. There is a need for further investigation to examine the relationship between telic-paratelic dominance and sport.
To summarize, the relationship between metamotivational dominance and level of competition shows that professionals and serious amateur athletes are more telic than individuals who participate in sports less competitively (Kerr, 1987, 1988; Kerr & van Lienden, 1987; Sell, 1991). When the relationship between metamotivational dominance and preference of sport type has been examined, telic dominant individuals have been shown to prefer endurance, risk free activities while paratelic individuals prefer explosive, risky activities (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989; Svebak & Kerr, 1989). Therefore, individuals who participate in sports for serious competition tend to be telic dominant; however, individuals who participate in sports for recreation tend to have different metamotivational tendencies according to their preference of sport.

2.2.1.2 Telic-Paratelic State and Sport

Although sport preference and participation are linked to dominance, whether one is telic or paratelic dominant, a person’s metamotivational state does reverse during sporting participation. Reversal theory has been used in sport research to examine when people’s states change: in a certain situation within the game or competition or because of a certain performance during the game or competition (Bellew & Thatcher, 2002; Hudson & Bates, 2000; Hudson & Walker, 2002), due to the outcome of the game or competition (Fujiyama et al., 2005), or just by performing exercise (Kerr & Vlaswinkel, 1993). 
A study by Apter and Batler (1996) investigated the changes in emotions among parachuting club members (N =61) and found that most parachutists experienced highest anxiety before the parachute opens, suggesting that the telic state is operated, and experienced the highest excitement right after the opening of the parachute, suggesting that the paratelic state is operated. A contingent environmental change from danger to safety was the reason for the reversal of state. Hudson and Bates (2000) have examined metamotivational state reversals in dart throwing. In this study, 24 subjects were exposed to telic and paratelic versions of a dart throwing task for 10 min. Subjects were allowed to change freely from one task version to another (i.e., from the telic version to the paratelic version). Subjects reversed between states because of frustration (e.g., subjects’ state reversed from paratelic to telic when they decided to aim for a goal rather than simply participate in the task) and satiation (e.g., subjects’ state reversed from paratelic to telic when they felt boredom), but contingent events did not result in a reversal of state. Bellew and Thatcher (2002) examined reversals in male university rugby players (N = 20). During the game, rugby players’ metamotivational state reversed, and contingent events such as the team scoring a try or an opponent missing a tackle caused players to reverse their state from telic to paratelic. Frustration, such as a team-mate not being ready for the game, also caused players to reverse, in this case from the paratelic to the telic state. During the game, satiation did not cause any reversals. Hudson and Walker (2002) found similar results within golfers (N = 6). Their metamotivational state reversed because of contingent events and frustration. For example, a lucky break during the match which gave a golfer a chance to win caused a reversal from the telic state to the paratelic state, and a bad shot into a bunker caused a reversal from the paratelic state to the telic state. Unlike rugby players, golfers’ metamotivational state changed due to satiation as well (e.g., a golfer leading his opponent felt boredom and reversed from the telic to the paratelic state). These studies examined in situ reversal of states, from telic to paratelic and vice versa. This proved that reversals do occur in sporting events. However, there is a need to examine whether reversal of state does happen when state is being manipulated.
Some studies have examined the changes in metamotivational state by comparing state pre- and post-game. A study by Kerr and van Schaik (1995) examined competitive rugby players in Holland and measured players’ metamotivational state pre- and post-game for four games using the Telic State Measure (TSM; Svebak & Murgatroyd, 1985) which consists of five items, with a 6-point rating scale with defining adjectives at each end. These items are: (1) serious-playful, (2) preferred planned-preferred spontaneous, (3) low felt arousal-high felt arousal, (4) preferred low arousal-preferred high arousal and (5) low effort-high effort. The first item, serious-playful, measures the telic/paratelic state, with low scores (1-3) indicating the telic state and the high scores (4-6) indicating the paratelic state. The findings in this study showed that players reversed to a more paratelic state after winning the game than after losing the game. Fujiyama et al. (2005) examined changes in metamotivational state in baseball games at different skill levels. Before the game, serious amateur players (N = 53) were significantly more telic than recreational players (N = 50). However, recreational players were significantly more telic after the game, while serious amateur players were significantly more paratelic after the game. Recreational players started off in the paratelic state since they played the game for fun, while serious amateur players started off in the telic state since they played the game seriously. Recreational players reversed to the telic state after the game, since the game was a fun time for them and the end of game meant a return to reality for most of them. Serious amateurs, in contrast, reversed to the paratelic state after the game, since the game was more serious than fun for them. Thus similar to results from some of the dominance studies (Kerr, 1987; Kerr & van Lienden, 1987), level of athlete may result in differences in metamotivational state pre- and post-game/match. These studies examined reversal of state in game situations and provided evidence that athletes tend to reverse to a paratelic state after a successful game/match and professional athletes tend to become more paratelic, because they finish their work after the game/match. However, examination of athletes’ state during the game/match would have reflected reversals experienced more fully.
Kerr and Vlaswinkel (1993) examined changes in metamotivational states in a natural running environment. University students (N = 32) participated in this study, and they were separated into two groups by sex. Subjects reported their metamotivational state, using TSM, before and after running for 40 minutes, once a week for seven weeks. Two groups were formed after the 7th running session according to running time (slow and fast groups) to examine differences in change in states in relation to performance level. In the first study, subjects ran for 5 km and in the second, 1.7 km. With each run was performed at two intensities (low and high). In line with Cox and Kerr’s (1990) findings, more experienced subjects maintained their arousal level throughout the running sessions. Overall, subjects’ arousal level increased significantly post-running compared to pre-running for both distances when running at high intensity. Stress level increased significantly post-running at high intensity for 1.7 km. When fast and slow runners were compared, fast runners were more aroused than slow runners for 1.7 km but no differences were found for 5 km. The reversal from the telic state to the paratelic state was reported by a majority of runners at post-running regardless of sex and level. Kerr and Kuk (2001) further examined changes in arousal level and stress at different intensity levels using a similar within-subject crossover design (N = 74) to Kerr and van den Wollenberg (1997). Although they used a different questionnaire to measure stress, their study yielded similar results. Overall these results suggest that high intensity running will result in elevated stress and arousal levels. However, a study by Kerr and van den Wollenberg (1997) which examined state in relation to different intensity levels in running and found that subjects were significantly more serious post-running than pre-running for high intensity running but no significant changes were seen in low intensity running. The results suggest that level of exercise intensity can cause a reversal between states but studies have shown mixed results among running exercise. The mian limitation with these studies is that performance was not measured, and there is a need for research that examines whether there is any difference in performance when individuals are in different states in relation to dominance.
When focusing on sports performance, perceptions of current arousal levels as pleasant have been associated with successful performance. The study by Kerr et al. (1997) examined how combinations of metamotivational states and felt arousal level (i.e., four conditions: 1. telic-low felt arousal, 2. paratelic-low felt arousal, 3. telic-high felt arousal and 4. paratelic-high felt arousal) affected archery performance among skilled, average and novice archers (N = 28). Subjects were grouped into two, with balanced ability, and one group completed conditions 1 and 3 and another group, 2 and 4. For each group, a cross-over design was used. Metamotivational state was manipulated verbally, time was manipulated via time allocated for task completion (i.e., for telic state manipulation, subjects were required to complete the task in 2 min, while there was no time limit to complete the task in the paratelic state), and arousal was manipulated by controlling heart rate (HR), a rest to decrease HR, hence low felt arousal and completion of the Harvard Step Test to increase HR (high felt arousal). Results showed that better archery performance was observed when subjects were in pleasant conditions (relaxation or excitement) compared to unpleasant conditions (anxious or bored). Research by Perkins et al. (2001) measured the maximal grip strength in elite athletes (N = 28) from explosive sports (e.g., shot-put, javelin, and weight-lifting), where participants were telic dominants, in three different states: telic, paratelic, and neutral. Results indicated that there was a significant increase in maximal grip strength performance during the paratelic state condition when arousal was high compared with the telic state and the neutral condition. A study by Howard, Yan, Ling, and Min (2002) investigated rock climbers’ (N = 60) metamotivational state during a rock climb, which is considered a risky sport and a paratelic activity, and reported that the majority of climbers were in the paratelic state. These results may indicate that better performance in explosive, risky activities (i.e., paratelic activities) results from the paratelic state, while better performance in endurance activities (telic activities) results from the telic state. However, further research should examine whether there is any relationship between dominance, preferred state and performance.
There is a need for more studies where performance is measured to examine whether individuals can perform better in their preferred state or vice versa. Another limitation with previous studies is that state has only been measured post-explosive activity and not during the activity. Also, there is no study which has examined whether there is any difference in metamotivational states in different types of sports. Therefore, there is a need for further investigations to examine differences and changes in metamotivational states and performances in relation to different exercise activities.

2.2.2 Emotions and Stress in Sport

The effects of performance on self reported reversal theory based emotions have been studied, using the Tension and Effort Stress Inventory (TESI; Svebak, 1993), to determine whether emotion is a determinant of performance or performance is a determinant of emotion (Cox & Kerr, 1990). A series of studies by Kerr and Cox (1989, 1990; Cox & Kerr, 1990) investigated changes in emotion in relation to competitive squash and have found squash players reported high levels of arousal across games, with skilled players reporting lower levels of arousal than average or novice players. More successful players maintained their level of arousal throughout the course of a tournament with less successful players showing a decrease over time. Post-game stress levels, measured via questionnaire, decreased significantly compared to pre-game levels for the winners, and increased significantly compared to pre-game, for the losers. Similar findings have been observed in rugby, with pleasant emotions and a decrease in arousal level following winning games and unpleasant emotions and increases in arousal following losing games (Kerr & van Schaik, 1995; Wilson & Kerr, 1999). Measurement of emotions and stress during games/matches would provide further evidence on how changes have occurred in game/match situations.
Soccer fans’ emotions and stress were measured via questionnaire (TESI) pre-, mid- and post-game (Kerr, Wilson, Nakamura, & Sudo, 2005).  Participants (N = 333) were Japanese soccer fans, and fans who experienced their team losing reported significantly higher levels of post-game unpleasant emotions compared to fans on the winning side. These fans showed no significant change in emotions pre- to post-game, while fans on the losing side showed significant changes in both pleasant and unpleasant emotions pre- to post-game. Even though fans on the losing side showed significant increases in unpleasant emotions post-game, there was no significant change in stress level.  It would be interesting to examine stress and emotions during the match and observe how stress and emotions change throughout the course of the match (e.g., when a team scores a goal).
To examine if emotions and stress differ between a laboratory setting and a natural environment, Kerr, Fujiyama, Sugano, Okamura, Chang, and Onouha (2006) investigated male recreational runners (N = 22) and competitive runners (N = 22) in separate experiments. Emotions and stress levels were measured pre- and 10 min post-running on a treadmill in the laboratory and in an outdoor natural environment over 5 km. For recreational runners, pleasant emotions (relaxtion and excitement) increased and unpleasant emotions (anxiety and shame) decreased significantly 10 min post-running. For competitive runners, the pleasant emotion of excitement increased and the unpleasant emotion of anxiety decreased significantly. Stress levels showed no changes in both groups. When laboratory and natural environment settings were compared, the competitive group reported significantly higher stress in the natural environment than the laboratory setting, but no clear reason was identified for this. No other differences were found between laboratory and natural environment settings in either group. In future research, examining stress and emotions when state is being manipulated in both natural and laboratory settings may help exaplain the differences between these two settings more clearly.
University students (N = 109) participated in a study in a comparison of emotions and stress differences pre- and post-activity in different sports, Kerr and Svebak (1994) reported that unpleasant emotions decreased significantly post-activity for easy running, and there was no change after basketball, and a significant increase following rugby. Positive emotions decreased significantly in both activities. Stress levels increased significantly post-rugby, while stress levels decreased significantly post-easy running, suggesting that the harder the physical activity the higher the stress levels individuals will have post-participation. Performance outcomes (i.e., winners and losers for basketball and rugby and time for running) may influence stress and emotions, therefore, future research should also include a performance measure when emotions and stress are measured.
Telic dominant and paratelic dominant subjects’ emotion and stress were compared among recreational tennis players (N = 64; Kerr, Fujiyama, & Campano, 2002). There was no significant inter-group difference in pleasant emotions between telic and paratelic dominant tennis players. In the telic dominant group, unpleasant emotions and tension stress decreased significantly after playing tennis. The paratelic dominant group showed a significant decrease in tension stress as well. However, instead of determining dominance via a psychometric measure (e.g., TDS), groups were determined by the level of their motives for participating in tennis which represents a limitation of this study.
Bindarwish and Tenenbaum (2006) studied the effects on dart-throwing performance among telic (N = 13), paratelic (N = 12) and non-dominant (N = 15) groups when emotion was manipulated by task difficulty (by adjusting the throwing distance; short, 1.37 m, and long, 3.37 m). There were no significant differences in dart scores between the 3 groups for both short and long distances. Even though there was no significant difference between the telic and paratelic dominant groups, the telic dominant group reported higher pleasant emotions in the short distance condition. The paratelic dominant group reported significantly higher arousal level for the long distance than the short distance condition. Bindarwish and Tenenbaum results therefore suggest emotions and arousal may be affected by task conditions and metamotivational dominances. The results support an early study by Martin, Kuiper, Olinger and Dobbin (1987), which examined stress level in relation to dominance. Telic dominant individuals, who tend to avoid arousal, were shown to prefer non stressful conditions, while paratelic dominant individuals, who seek arousal, prefer moderately stressful conditions as they perceive these as a challenge. Emotions and stress were manipulated by the task difficulty, and state manipulation may yield different results.
Kerr et al. (2006) investigated changes in emotion and stress based on the triangular relationship proposed by Svebak (1999). Their sample comprised of university students (N = 66) who completed either an endurance task (long distance running) or an explosive task (basketball). They proposed that telic dominant participants would report positive emotions and less stress during the endurance task while paratelic dominant subjects would report positive emotions and less stress during the explosive task. Findings did not support Svebak’s triangular relationship. There were no distinct differences in emotions and stress between the two groups in relation to the two different activities. However, subjects were divided into telic and paratelic dominance groups using a median split of total TDS scores rather than selecting the ‘true’ telic and paratelic dominant individuals (i.e., those who scored at the extreme ends of the scale, thus excluding those around the median who reflect a lack of dominance). Secondly, performance was not measured, in the absence of differences in emotions and stress, differences in performances between the two groups may have supported biological component of Svebak’s triangular relationship, if the telic dominant group performed significantly better at endurance exercise than the paratelic dominant group and vice versa for the explosive exercise. Finally, participants’ preferred activity was not identified and doing so would help to support the dominance classification of subjects and would have provided a further test of Svebak’s proposed relationship. When emotions are examined in sporting contexts, results seem to indicate that exercise activities (Kerr & Svebak, 1994; Kerr & Vlaswinkel, 1993) as well as winning (Kerr & van Schaik, 1995; Wilson & Kerr, 1999) in activities such as squash, rugby, tennis, running, basketball and dart-throwing tend to increase pleasant emotions, and successful performance can be achieved by maintaining a consistent level of arousal (Kerr & Cox, 1988, 1990; Cox & Kerr, 1990). When emotions and stress of telic and paratelic dominant individuals are examined in the telic and paratelic states, results indicated some mixed findings. A number of questions can be investigated in relation to emotions and stress, such as changes in emotions and stress among dominant individuals in different states and the relationship between changes in exercise intensity and stress level. There is a need to examine the effect of state on emotins and performance and no study has yet examined changes in emotions and stress in continuous exercises, such as running and cycling. Thus there is a need for further research to investigate emotions and stress in exercise, based on reversal theory proposals.

2.2.3 Reversal Theory and Physiology

Reversal theory has also been studied in relation to biological components to examine psychophysiological factors associated with dominance. This section examines research that has focused on metamotivational dominances/states (telic - paratelic) and electromyography (EMG) gradients. Svebak and colleagues have examined relationships between the telic and paratelic states, metamotivational dominance and skeletal muscle tension extensively (Apter, 2001) among telic – paratelic dominance/state.
Numerous studies employing reversal theory have investigated metamotivational dominances and states and physiological responses (Apter & Svebak, 1986; Braathen & Svebak, 1990; Dobbin & Martin, 1988; Gerkovich, Cook, Hoffman, & O’Connell, 1998), particularly in relation to anxiety and/or stress (e.g., Dobbin & Martin, 1988); see Table 2.1 for a summary of the research. For example, Dobbin and Martin (1988) have tested the hypothesis that in stressful situations telic dominant individuals have higher levels of cortisol, than paratelic dominant individuals. These authors proposed that this is due to telic dominant individuals perceiving the situation as a threat, while paratelic dominant individuals perceive the situation as a challenge. They found that telic dominant people have a higher cortisol level when there is an unsolved problem in their lives compared to when there is no problem. In contrast, paratelic dominant people tend to have a higher cortisol level when there is no problem in their lives and a lower cortisol level when there is a problem. Subsequent research by Thatcher et al. (2003) identified a negative correlation between reversal theory concepts of tension and effort stress and cortisol; however, this study included only a small sample and did not account for dominance. More psychophysiological studies will benefit in further understanding of the reversal theory.

Table 2.1: Physiological Features of Telic and Paratelic Dominance Characteristics (from Apter & Svebak, 1992)
_____________________________________________________________________
Dependent Measure                              Telic Dominant             Paratelic Dominant
Skeletal muscles
Tonic changes (passive)                           High                                  Low
Phasic changes (active)                            Low                                   High
Fibre composition                                    Type I                                Type II

Cardiovascular measures
Tonic heart rate changes (threat)              High                                   Low
Phasic heart rate changes (comedy)         Low                                    High
Pulse transit time                                      Short                                   Long

Respiration rate (threat)                        High                                    Low

Respiration amplitude
Tonic changes (threat)                              High                                    Low
Phasic changes (comedy)                          Low                                    High

Cortical activity
Area in synchrony                                     Small                                  Large







To study changes in muscular contractions, examining the electromyography (EMG) signal is a common methodology that is used in neurophysiology. The fundamental unit of the neuromuscular system, the motor unit, comprises of the cell body and dendrites of a motor neuron, the axon’s multiple branches and muscle fibres that are innervated to each other. The action potential causes the muscle fibres to contract, and EMG is a technique which records the changes in the muscle fibre’s action potential (De Luca, 2003). 
Muscle fibre excitability through neural control represents a major factor in muscular contractions, which can be explained by a semi-permeable membrane model, which describes the sarcolemna’s electrical properties. While the muscle is in a relaxed state, i.e., not contracted, a resting potential is formed at the muscle fibre membrane, with an ionic equilibrium between the inside and outside of a muscle cell of approximately -80 to -90 mV. An ion pump helps maintain a negative intracellular charge, and alpha-motor anterior horn cell’s activation, which is induced by the central nervous system (CNS) or reflex, will cause the motor nerve to conduct of the excitation impulse. Transmitter substances are released at the motor endplates resulting in a potential which is transmitted into the muscle fibre innervated by the motor unit. Because of the diffusing characteristics of the muscle fibre membrane, Na+ ions will flow into the membrane, which causes its depolarization. This depolarization is immediately followed by repolarization, which restores the ionic equilibrium immediately by exchanging ions backwards (De Luca, 2003).
When an influx of Na+ exceeds a certain threshold, an action potential will be caused by the membrane depolarization, and a rapid change from -80 mV to 30 mV. The repolarization period follows immediately to restore the balance by a monopolar electrical burst, which is followed by a post hyperpolarization period. The action potential starts from the motor end plates and spreads along the muscle fibre in every direction via the tubular system. Lead by this excitation, in the intra-cellular space, calcium ions are released. Finally, an electro-mechanical coupling will cause the muscle cell’s contractile elements to produce shortening (De Luca, 2003).




During the course of constant load motor performance or mental activity there is a gradual increase in EMG activation in skeletal muscle that returns to baseline on termination of the activity. This is referred to as an EMG gradient. However, the increase in EMG associated with progressively increased effort, both physically and mentally, is not considered an EMG gradient (Malmo & Malmo, 2000). The first report of an EMG gradient was in 1937 (Davis, 1937) where subjects’ EMG was observed to increase progressively while completing a numerical addition task, which was referred as the ‘build-up phenomenon’. Later studies have identified gradients while stories were presented by a tape recorder (Bartoshuk, 1956; Wallerstein, 1954). From the understanding of goal-oriented behaviour of subjects during these studies, Bartoshuk (1955) suggested that EMG gradients may have a close relationship with motivation. Malmo (1965) also observed gradients during perceptual motor tasks and subsequently suggested that the steepness of the gradient depends on the degree of involvement with the task; with stronger involvement of the task the steeper the EMG gradient. However, Svebak, Storfjell, and Dalen (1982) examined EMG gradients in conjunction with motivational states and concluded that they reflect goal oriented behaviour rather than the degree of involvement. Subjects who were in a goal oriented state showed steeper EMG gradients than subjects who were in less goal oriented state. Since then, various studies have supported the relationship between goal-directed behaviour and EMG gradients (Malmo & Malmo, 2000). The prefrontal cortex is responsible for serious, goal oriented behaviour (Tucker & Williamson, 1984), and Svebak (1984) has suggested that it is the activation of prefrontal connections to the extra-pyramidal pathways which is responsible for the muscle tension which results in EMG gradients. Svebak (1986) and Svebak and Murgatroyd (1985) have shown relationships between EMG gradients and metamotivational dominance/states, as discussed below.

2.2.3.3 Reversal Theory and EMG Gradients

There are several psychophysiological studies in reversal theory which have examined skeletal muscle tension using EMG (Apter & Svebak, 1986; Braathen & Svebak, 1990; Braathen & Svebak, 1994; Gerkovich et al., 1998; Rimehaug & Svebak, 1987), and the main investigations have been to see whether there is any relationship between motivation and EMG response in non-active (passive) skeletal muscles when a continuous perceptual-motor task is performed. Specifically, research has examined the link between metamotivation and EMG gradients, which reflect the tension in skeletal muscles that is not essential when performing the task (Apter & Svebak, 1986).
Svebak et al. (1981) examined whether physiological gradients vary in relation to difficulty level of a motor task. Subjects (N = 13) were asked to perform a tracking task twice using a video game, once as an easy version and a second time with a more difficult version. Passive arm EMG, heart rate and skin conductance were recorded throughout. EMG gradients were shown in both trials, but steeper EMG gradients were observed on the difficult task. Heart rate and skin conductance showed no clear gradients. The purpose of their research was to examine whether a goal oriented state (i.e., the telic state) or individual perception of difficulty of the task (involvement in task) would result in EMG gradients. While heart rate, skin temperature, changes in abdominal circumference and EMG were being recorded, subjects were asked to perform a car racing video game twice (counter balanced). Session one included the threat condition, where shock electrodes were attached to the active hand, and subjects were told that they would be electrically activated when they made a mistake during the task (car crashing), even though the shock was never given. Session two included a non threatening condition, where subjects simply performed the task without any threats. Perception of task difficulty did not differ between the threat and non threat conditions, but the threatening condition resulted in significantly more serious mindedness, planning orientation, felt arousal and achievement motivation relative to the non threat condition. EMG gradients, heart rate, higher skin temperature and respiratory frequency were higher and abdominal circumference smaller in the threatening when compared to the non threatening condition. Therefore, Malmo’s (1965) assumption of task involvement as a determinant of EMG gradient was rejected by Svabak et al. (1981), and the new idea of a goal oriented, serious minded state as the cause of gradients was born. 
Studies by Svebak and his colleagues have examined the relationship between EMG gradients and personality (Apter & Svebak, 1986; Rimehaug & Svebak, 1987; Svebak, 1986; Svebak et al., 1981; Svebak & Murgatroyd, 1985; Svebak et al., 1982). Steeper EMG gradients were observed in telic dominant subjects when compared to paratelic dominant subjects during the motor task performance. Since both groups stayed in their preferred state during the study these responses were attributed to dominance and not state (Svebak & Murgatroyd, 1985; Svebak, 1986).
To determine whether there is any difference in EMG gradients between telic and paratelic dominant individuals and to examine training effects in EMG gradients, Svebak (1984) conducted a study employing both extremely serious minded (N = 20) and playful subjects (N = 20; while these terms directly relate to telic and paratelic states respectively the authors did not use a reversal theory framework). The car racing video game was used as a task, and subjects were asked to perform five easy tasks first, then one difficult task (the car moved twice as fast) and to maintain effort level (with the possibility of improvement in the easy task which will result in decreased effort), for an overall duration of 2.5 min for each session. EMG was recorded from both active and passive forearms and metamotivational state was assessed pre- and post-task. Results showed that the telic dominant group was significantly more serious minded and planning oriented than the paratelic dominant group, and throughout the course of the experiment, both groups remained in their preferred state. There were no differences in felt arousal level between the two groups. For the passive forearm, EMG gradients were observed in the telic dominant group on every task performance, while no significant EMG gradients were observed in the paratelic dominant group. For the active forearm, the paratelic dominant group showed a greater EMG response; however, this response was attributed to the grip position change by the paratelic dominant group. At this point, Svebak and colleagues concluded that the cause of muscle tension build up (which can be identified by an EMG gradient) is a telic-paratelic phenomenon rather than arousal related, but because the telic dominant group stayed in the telic state and the paratelic dominant stayed in the paratelic state throughout the experiment. There was a need for further experiments to examine whether the gradient was associated with metamotivational dominance or state.
In order to test whether it is the individual’s dominance or state which causes EMG gradients, Svebak and Murgatroyd (1985) conducted a study which measured both telic and paratelic dominant subjects’ long- and short-term planning, goal oriented (or spontaneous, playful) behaviours as well as EMG gradients during a motor task (car racing video). As in the previous study (Svebak, 1984) both extremely serious minded (N = 10) and playful (N = 10) subjects were selected from a sample of students who completed the TDS. The TDS was also used to determine long term behaviours. After completing the car video task while EMG was being recorded and theTSM was completed pre- and post- task performance (to determine short term behaviour), 12 subjects (six from the telic and 6 from the paratelic dominance groups) were interviewed to examine their lifestyle and planning orientation over the medium term. The results showed no significant differences between the two groups in task performances (number of car crashes). As in a previous study (Svebak, 1984) both groups remained in their preferred states throughout the course of the experiment, no differences in arousal level were found and EMG gradients were observed only in the telic dominant group. The interview results, which classified medium term lifestyle and orientation, showed a relationship with the TDS serious minded subscale score. Results also showed that individuals with ‘planning’, ‘goal oriented’ orientations demonstrated steeper EMG gradients during the perceptual motor task, therefore results showed a role for dominance, not state, in EMG gradaients.
Svebak (1986) further examined the cause of EMG gradients among goal oriented, planning individuals by manipulating subjects’ emotional state. Extreme serious minded (N = 10) and playful (N = 10) individuals participated, as in the previous study (Svebak & Murgatroyd, 1985) EMG data were recorded from forearms (right for active and left for passive), and a car racing video was used as the task. State during the experiment was reported verbally by subjects after the task performance. They completed two trials: one in a neutral condition (no threat) and another with a threat, where subjects were told that if the task was performed poorly, they would receive an electric shock, although the shock was never given. Even though both groups were more serious minded during the threatening condition than a neutral condition, they remained in their preferred states in the neutral condition. Both groups showed steeper EMG gradients in passive muscle in the threatening condition than the non threatening condition; therefore, state rather than dominance was responsible for the EMG gradients. The mixed results revealed thus far caused Svebak and colleague to conduct further studies examining the role of metamotivational dominance and state in EMG gradients.
Subsequent findings from interviewing subjects after performing a car-racing video task have suggested that the steeper EMG gradients can be attributed to subjects’ serious mindedness and planning orientations (i.e., telic state) rather than their dominance, along with negative hedonic tone (being worried and anxious; Apter & Svebak, 1986; Rimehaug & Svebak, 1987). Apter and Svebak (1986) used telic and paratelic dominant subjects as is in previous studies (Svebak, 1984, 1986; Svebak & Murgatroyd, 1985) where subjects who were extremely serious minded (based on TDS subscales) were the telic dominants and subjects who were extremely playful were the paratelic dominants purposely selected from a sample of 222 university students. A car racing video was used as the task and passive forearm EMG activity was recorded as in previous studies (Svebak et al., 1982; Svebak, 1984; Svebak & Murgatroyd, 1985). Subjects performed the task four times, twice in a neutral context, once in a threat condition where subjects were told that if task was performed poorly, they would get an electric shock, even though, as previously, the shock was never given (Svebak, 1986), and a final incentive condition where a monetary reward was available if the task performance was good. Structured interviews with every subject took place after the experiment to determine their metamotivational states during the experiment. The results showed that steeper EMG gradients were observed in the telic state compared to the paratelic state. Monetary incentives did not facilitate changes into the telic state unlike in the threatening condition. There were no significant differences between telic dominant and paratelic dominant groups, which suggests that state was the cause of the EMG gradients rather than dominance.
To further validate the suggestion that it is a serious, goal oriented state (i.e., telic state), which yields steeper EMG gradients, rather than dominance, Rimehaug and Svebak (1987) conducted a study using a perceptual working memory task rather than a car racing video task, as used in previous studies. Subjects (N = 19) were recruited from a sample of 99 university students who completed the TDS and were taken from six intervals along the score distribution of the serious mindedness subscale scores rather than recruiting extreme dominants as in previous studies. Because the task involved working memory (uncovering as many pairs of hidden symbols as possible within 5 min by calling out loud to the experimenter), both subjects’ arms (triceps and biceps) were identified as passive. The task was performed twice. One session was a neutral session; the second session involved a monetary reward for good performance. An interview was performed after the experiment to determine the subject’s state during task performance (Apter & Svebak, 1986). The results indicated that subjects, when split into 3 groups (high serious minded: score of 5 and 6 for the serious mindedness subscale; N = 6, medium serious minded: score of 3 and 4 for the serious mindedness subscale; N = 7, low serious minded: score of 1 and 2 for the serious mindedness subscale; N = 6), showed EMG gradients in all passive muscles that were being recorded (right triceps and biceps, left triceps and biceps) when in the telic state. There was a positive correlation between arousal and EMG. Apter and Svebak (1986) and Rimehaug and Svebak (1987) demonstrated both steeper EMG gradients in the serious minded state (i.e., telic state) in both telic and paratelic dominant individuals on different tasks (car racing and memory tasks). Thus state was thought to influence EMG gradient rather than dominance. 
Even though dominance varies in relation to level and type of sport (amateur explosive sports athletes [sprint, jump, etc.] have impulsive lifestyles [paratelic] and amateur endurance sports athletes [marathon, rowing, etc.] have goal directed lifestyles; Svebak & Kerr, 1989) EMG gradients have never been examined in relation to these factors (Braathen & Svebak, 1990; Svebak & Braathen, 1994). Braathen and Svebak (1990) examined EMG activation patterns in endurance and power athletes, assuming that endurance athletes are more serious and goal oriented (telic dominant) and power athletes are more playful and spontaneous (paratelic dominant). However, no dominance measure was obtained. Subjects consisted of adult elite athletes from endurance sports (cross-country skiing, long distance running, walking; N = 9), explosive sports (karate, judo, sprint, long and high jump; N = 9) and ‘mixed’ sports (volleyball, soccer, bicycling; N = 8). A car racing video was used as the task while EMG data were recorded from forearms (right arm was active and left arm was passive) and legs (both passive). Stress and arousal levels and metamotivational states were measured post-task. The authors reported a group difference in steepness of gradients in the passive forearm, with endurance athletes displaying the steepest gradient followed by the mixed athletes group, and the explosive athletes who showed a modest increase. Even though a similar trend was observed in the right leg EMG recordings, no significant differences were obtained, as was the case in the left leg. Unlike in a previous study (Svebak, 1986) where paratelic dominant individuals showed a significant increase in EMG in the active arm, endurance athletes, assumed to be telic dominant, showed greater EMG activity than explosive athletes, assumed to be paratelic dominant. Stepwise multiple regression analyses were performed to see if any psychological variables predicted active EMG gradients, and results showed that EMG gradients occurred among endurance athletes, who experienced low arousal and were stressed during the experiment. The study indicated that for elite athletes, state has a lesser effect than dominance when EMG gradients are observed.
Braathen and Svebak (1992) investigated the metamotivational characteristics of talented elite teenage performers (N = 352) and found that explosive sport performers scored higher on sensation seeking than endurance and team sport performers. With the assumption of endurance athletes being telic dominant and explosive athletes being paratelic dominant, Braathen and Svebak (1994) further investigated EMG gradients among elite athletes (N = 48). Again, elite teenage athletes participated in the study where a car racing video was used as a task, and EMG data were recorded from forearms (right as active and left as passive) and legs (both passive) as in this previous study (Braathen & Svebak, 1990). Subjects completed the TDS and stress and arousal levels were reported pre- and post-task performance via questionnaire. Unlike the previous research (Braathen & Svebak, 1990) the results showed that explosive athletes were more serious minded than endurance athletes. The researchers suggested that level of excellence and experience were the cause of inconsistent findings. When focusing on EMG gradients, like elite endurance athletes, significant EMG gradients were observed in the teenage endurance performers in their passive forearm but not in the explosive teenage performers. No significant group differences were observed in leg EMG data. The results supported the previous study by Braathen and Svebak (1990) that steeper EMG gradients are observed in endurance athletes but not in explosive athletes. Results suggested that not only psychological makeup but the physiological makeup may affect EMG gradients as endurance and explosive sport athletes have been shown to possess higher proportion of slow and fast twitch muscle fibres respectively (Bell, MacDougall, Billeter, & Howald, 1980).
A further study by Svebak et al. (1993) explored the relationship between EMG activation during a car-racing video task and muscle fibre composition (N = 17). After conducting similar experiments to those in previous studies (Braathen & Svebak, 1990, 1994) results showed that subjects who possess predominantly slow twitch muscle fibres showed a significant EMG gradient, whilst subjects with predominantly fast twitch muscle fibres showed no significant change in EMG throughout the task. Studies which focus on elite athletes support these findings (Braathen & Svebak, 1990; Svebak & Braathen, 1994) suggesting that EMG gradients can be seen in endurance athletes, who tend to be telic dominant and possess predominantly slow twitch muscle fibres.
Until the study by Braathen and Svebak (1990), a series of studies had indicated that the telic state, not dominance, was causing steeper EMG gradients. However, Svebak and colleagues started examining dominance as a cause rather than state when they included elites athletes as subjects in their studies. Then, studies (Braathen & Svebak, 1990; Svebak & Braathen, 1994) reported that telic dominant endurance athletes showed significantly higher EMG activation than paratelic dominant explosive sport athletes. However, quality of task performance did not differ between the groups. This body of research thus far has tended to use upper body perceptual motor tasks, such as video car-racing; moreover, Svebak and his colleagues have never required subjects to perform exercise that requires continually constant effort. It follows that if telic dominant athletes have a predominance of slow twitch muscle fibres, they should be able to perform continually constant endurance exercise better than paratelic dominant athletes who have a predominance of fast twitch muscle fibres. Svebak et al. (1993) reported significant increases in EMG gradients in the leg during a video car-racing task, but other studies (Braathen & Svebak, 1990; Svebak & Braathen, 1994) have not observed significant changes in EMG activity in leg muscles. There are mixed results when leg muscles are examined, and the cause of steep EMG gradients (metamotivational state or dominance) is not clear. From the past studies by Svebak and colleagues, state may be the cause of steep EMG gradients for non-elite individuals but for elite athletes, dominance may be the greatest influence on EMG gradient (i.e., endurance athletes, who tend to be telic dominant and possess slow twitch muscle fibres).
Studies conducted by Svebak and colleagues have examined EMG gradients during video game performance. According to a report by Malmo and Malmo (2000) only one EMG gradient study has examined lower limb exercise (Macefield, Hagbarth, Gorman, Gandevia, & Burke, 1991), which involved sustained voluntary isometric contraction of the ankle. EMG activity was recorded for 50 s from the active tibialis anterior muscle and EMG gradients were observed. However, the passive muscle was not recorded in this study. Also, whilst studies by Svebak and his colleagues have observed the states experienced by subjects, no studies have manipulated metamotivational states throughout the course of the experiment. Doing so will provide the opportunity to observe EMG gradients and performance in telic dominant and paratelic dominant subjects both in their preferred and non-preferred states. 
Overall there is a need in reversal theory studies to examine performance and emotions from both telic and paratelic dominant groups by manipulating telic and paratelic states in order to clarify the effect of each of the variables.  

2.2.4 Heart Rate Variability

Heart rate variability (HRV) is the variability in duration between heart beats, measured using the electrocardiogram (ECG) signal. Electrical signals initiate actions of the heart; the sinoatrial node, which is a pacemaker of the heart, located in the right atrium, starts the normal heart beat by propagating an electrical impulse. The impulse spreads throughout the atrial muscle, and is registered by the atrioventricular node at the atrium. The Purkinje fibres convey the impulse to the ventricular muscles, which causes ventricular systole. Every contraction varies in the size of depolarisation, which results in a different electrical voltage that can be detected via an ECG signal. 
Three major components make up one heart beat, and they can be seen from the ECG signals, these are: the P-wave, the QRS complex, and the T-wave. The P-wave, which is the first wave, represents atrial depolarisation. The QRS complex, consisting of a small dip before a big spike and a subsequent big dip afterwards, represents ventricular depolarisation. The T-wave, which comes at the end, represents ventricular repolarisation. The heart muscle relaxes (diastole) following the contraction (systole) to allow blood to fill in the heart. While the muscle is relaxing, a refractory period occurs, and the length of this period is determined by the depolarization rate (Lopes & White, 2006).
The autonomic nervous system (ANS) influences the sinoatrial node via its two branches, the parasympathetic nervous system (PNS) and sympathetic nervous system (SNS). Without its influence and at normal body temperature, the sinoatrial node sets the heart rate at about 120 beats/min (Lopes & White, 2006). However, the resting heart rate for healthy individuals is about 60-70 beats/min, because the node is inhibited by the vagus nerve. The neurotransmitter acetylcholine is released by the influence of the PNS at the nerve endings to slow down the sinoatrial node activity and the cardiac impulse passing into the ventricles. The neurotransmitter norepinephrine is released by the influence of the SNS at the sympathetic nerve endings in the heart. Unlike the PNS, this stimulation increases the sinoatrial node discharge rate and increases the atrioventricular conduction of impulses (Lopes & White, 2006). At rest in a healthy individual, the PNS branch of the ANS is predominant.
HRV is used as a tool for studying the ANS, and the two widely used methods of reporting HRV are in the time domain and the frequency domain. The time domain analysis is the simpler method of the two (The Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology [TFESC & NASPE], 1996). Each QRS complex from continuous EMG data is detected to determine normal-to-normal (NN) intervals. NN intervals represent all intervals between adjacent QRS complexes, which resulted from sinus node depolarisations. RR intervals are measured directly or from the difference between NN intervals. There are several calculation methods used for analysis, mean NN is the mean NN interval between measured beats while SDNN is the standard deviation of NN intervals. RMSSD calculates the square root of the mean squared differences of NN intervals. NN50 calculates the number of interval differences on NN intervals which are greater than 50 ms, pNN50, which is calculated by dividing NN50 by NN intervals. The TFESC & NASPE  (1996) recommend SDNN and SDANN to estimate overall HRV: SDANN for estimating long-term HRV components, and RMSSD for estimating short-term HRV components.  
The frequency domain is also referred to as spectral analysis. The information on how power (variance) is distributed as a function of frequency is called Power Spectral Density (PSD). From the proper mathematical algorithms, estimation of the true PSD signals is obtained. There are non-parametric and parametric methods for the PSD calculation, and both methods provide comparable results according to The TFESC & NASPE (1996). The non-parametric methods have two advantages, one of which is that a simple algorithm, Fast Fourier Transform (FFT), is employed in most of the cases. Another advantage over parametric calculation is the speed of the processing time. The advantage of the parametric method, in contrast, is that spectral components are smoother, which makes preselected frequency bands more distinguishable, easy post-processing and identification of frequency power components, and accuracy of PSD with only a small number of samples. 
The frequency domain examines three frequency regions or bands: 0.00 – 0.03 Hz, which is called a very low frequency (VLF) band, 0.03 – 0.15 Hz, which is called a low frequency (LF) band and 0.15 Hz or above which is called a high frequency (HF) band. The LF component is associated with the vagal and sympathetic activities, i.e., when sympathetic activities are stimulated, the LF component increases. The HF component, in comparison, is associated with vagal activity. The LF/HF ratio is used as a marker of sympathetic modulation and/or sympatho-vagal balance of HRV (Lopes & White, 2006). They are distinguished by calculating short term recordings from 2 to 5 min (The Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996).
Power component measures are expressed in absolute values (ms²). However, the relative value for LF and HF in proportion to the total power minus the VLF is expressed as a normalized unit (n.u.) and is used to show the controlled and balanced behaviour of ANS for LF and HF. Normalization also minimizes the effects of LF and HF components on the change in total power.   
  
2.2.4.1 HRV, Personality and Emotion

Heart rate variability has never been examined within a reversal theory framework. However, HRV reflects SNS and PNS interaction in the control of HR (Akselrod et al., 1981), therefore mental stress, negative emotional states like depression, and  ANS disturbances can be detected via alteration in HRV (Schwarz, Schachinger, Adler, & Goetz, 2003). Thus, there are studies which have examined relationships between personality and HRV (e.g., Carpeggiani et al., 2005), as well as emotion and HRV (Iwanaga, Kobayashi, & Kawasaki, 2005; Sakuragi & Sugiyama, 2005; Sakuragi, Sugiyama, & Takeuchi, 2002). 
HRV has been examined in relation to panic anxiety (Friedman & Thayer, 1998). Symptoms of panic anxiety are accompanied by extreme fear with physiological responses such as sweating, shaking, shortness of breath, chest pain, palpations and tachycardia, which are triggered by the ANS. Furthermore, numerous studies have examined the relationship between HRV and emotions (e.g., Dishman et al., 2000; Iwanaga, Kobayashi, & Kawasaki, 2005; Sakuragi, Sugiyama, & Takeuchi, 2002) and between anxiety and HRV (e.g., Carpeggiani et al., 2005; Friedman & Thayer, 1997).
The state of anxiety is the emotion of fear (Barlow, 1988), and according to Cannon’s (1929) “flight-or-fight” model of response, anxiety is a somatic expression when preparing to flee. The emotion of anxiety is accompanied by changes in ANS activities such as an increase in HR, shortness of breath and an increase in sweating, which resulted from the increase in SNS activity (Friedman & Thayer, 1997). 
A study by Friedman and Thayer (1998) reported that individuals with a clinical anxiety panic disorder exhibited alterations in HRV compared to non-clinical individuals. The VLF component was higher in the clinical group, which is consistent with elevated sympathetic modulation of HRV in a study by Rechlin, Weis, Spitzer, and Kaschka (1994). When compared to a non anxious group, anxiety disorder patients had a lower HF component of HRV during a resting condition as well as when they were worried (Thayer, Friedman, & Borkovec, 1996). Patients with Post-traumatic Stress Disorder had higher power in normalized LF and HF components but similar total HRV power to a control group (Cohen et al., 1997). Therefore, studies which have examined clinical patients have identified altered HRV compared to non-clinical populations. However, there is a need for investigation among general population to further understand the HRV.
There are numerous studies which have examined HRV among the general population, and these studies are concerned with trait personality (e.g., Schweiger, Wittling, Genzel, & Block, 1997; Dishman et al., 2000) or negative emotions, such as anxiety (e.g., Schwarz et al., 2002; Sakuragi & Sugiyama, 2005). According to a study by Fuller (1992), female graduate students with high trait anxiety (N = 15) exhibited a higher HF component on the day before a comprehensive examination when compared to female graduate students with low trait anxiety (N = 15). However, even though the two groups differed in trait anxiety, their state anxiety level showed no significant differences. The differences in HF component could not be attributed to either a change in autonomic balance resulting from the anticipation of the examination or from other attributes such as fitness level. Fitness was considered as a differentiating variable as cardio-respiratory fitness affects bradycardia (Bernston, Cacioppo, & Quigley, 1993) as well as the HF component of HRV (Rossy & Thayer, 1998). Individuals with a low cardio-respiratory fitness level will have lower HF power when compared to individuals with high fitness levels. 
Along with trait anxiety, Dishman et al. (2000) examined HRV and the influence of age, gender and cardiorespiratory fitness among a healthy population. Fifty two males and 40 females with above-average cardiorespiratory fitness, indicated by peak oxygen uptake measured by a graded-incremental treadmill test, aged 20-59 years of age volunteered to participate in the study. HRV was measured in a supine rest position for a 5 min period. Spectral ananlysis was used to analyse HRV, and self-ratings of trait anxiety and perceived emotional stress of the past week were also assessed. Results showed that the normalized HF component and perceived emotional stress had an inverse relationship, and the relationship was independent of age, gender, trait anxiety and respiration rate. From such results, the authors concluded that vagal modulation of the heart is sensitive to the experienced emotional stress regardless of individual fitness level and trait anxiety. For non-clinically disordered individuals, however, state rather than trait can be a cause of alterations of HRV. 
To examine associations between the negative emotional stress of helplessness and hopelessness and HRV, Schwarz et al. (2003) examined changes in HRV and emotional stress during chess games. Nine male chess players participated in the study. HRV was measured during the match, and after the match, players rated their mood and emotions, using numerical rating scales, when critical moves were made during the match. Results showed that when players felt “optimism/in control” (i.e., less emotional stress) during games, the HF component increased significantly. In contrast, when players felt “helplessness/hopelessness” (i.e., emotional stress) during games, the HF component decreased significantly. There were no consistent changes in the LF component. This showed that the negative emotional stress of helplessness and hopelessness induced vagal withdrawal (i.e., a decrease in HF) in the short term. As in the study of Dishman et al. (2000), changes in emotional stress altered individuals’ HRV. These studies were insitu studies, and there is a need for a study where state is being manipulated to examine whether HRV variables changes in different state.
To further examine the effect of changes in state, a manipulation study by Iwanaga et al. (2005) investigated changes in stress, anxiety and HRV by exposing subjects to sedative music, exciting music and no music conditions. Thirteen university students (7 males and 6 females) participated in the study. Subjects visited the laboratory three times, with each visit consitituting one music condition, and subjects underwent four consecutive sessions in each condition.  HRV and a self-reported subjective emotions were measured at baseline (for 5 min) and between each session. HRV and emotions were analysed using two-way ANOVA (3 music conditions * 4 repetitions). Results showed both sedative music and no music induced high relaxation and low tension. Exciting music induced relaxation and decreased tension, but not as much as the sedative music and no music conditions. Sedative music and exciting music sessions increased subjects’ LF component and LF/HF ratio, while the no music session decreased the LF component and LF/HF ratio. The LF/HF ratio results, which reflect SNS activity, indicated subjects reacting to the music stimuli. The sedative music session showed a higher HF component compared to the exciting music and no music sessions. Because the HF component reflects PNS activity, subjects appeared less stressed and felt more comfortable listening to the sedative music. The study indicated that manipulation using music can be used to examine relationships between HRV and emotions.
Sakuragi et al. (2002) studied the effects of mood on HRV using videos to manipulate mood. A comedy video was used to induce laughing, and a tragedy video was used to induce weeping. Ten female university students participated in the study. A questionnaire, the Profile of Mood States (POMS; McNair, Lorr, & Droppleman, 1971), was used to measure subjects’ mood states. Subjects were allowed to select comedy (which may make them laugh) and tragedy (which may make them feel sad) videos. In the comedy video session, negative mood scores decreased and positive mood score increased significantly. Negative scores were significantly higher during the tragedy video session when compared to the comedy video session. Even though there were differences in POMS scores between the two sessions, the LF/HF ratio and the HF component of HRV decreased in both sessions, suggesting that there was a decrease in cardiac parasympathetic nerve activity, which indicated that there was an involvement of emotional arousal in both conditions. Sakuragi and Sugiyama assumed that laughing and weeping are both a high arousal state; therefore, HRV was affected in the same direction and may not reflect the qualitative nature of changes of mood states. These studies examined HRV in manipulated states showed that HRV changes in different states. However, results shown are are mixed, therefore there is a need for further investigation of HRV when manipulating states.





2.2.4.2 HRV and Exercise

HRV has been used widely in sport and exercise sciences as a marker for the assessment of autonomic control both at rest (e.g., Hedelin, Kentta, Wiklund, Bjerle, & Henriksson-Larsen, 2000) and during exercise (e.g., Cottin et al., 2004). As with emotion, exercise can affect ANS function, thus there are studies that have examined the relationship between exercise and HRV (e.g., Dewey et al., 2007; Dishman et al., 2000; Friedman, 2007).
Various modes of exercise have been examined, from treadmill running (Furlan et al., 1993), crank exercise (Tulppo et al., 1999) and judo (Cottin et al., 2004), and results have shown changes in HRV during exercise. Studies have shown that components of HRV decrease more with increases in intensity of exercise (e.g., Arai et al., 1989; Cottin et al., 1999), which is caused by vagal withdrawal (Eckberg, 1997). During heavy exercise, which results in a work rate above the ventilatory threshold, for healthy individuals, effectiveness of cardiac vagal control is lost (Rowell, 1993).
Unlike during endurance exercise, where the incremental increase in sympathetic activation (as exercise intensity increases) follows the vagal withdrawal (Iellamo, 2001), an attenuation of sympathetic outflow follows the vagal reaction (Perini et al., 1989). Studies have indicated that attenuated cardiac vagal modulation and/or sympathetic predominance were observed post-exercise for 10-15 min at exercise intensities of between 50% of peak power output and maximal exertion (Kamath, Fallen, & McKelvie, 1991). These alterations were examined via HRV, where HF decreased and/or the LF/HF ratio increased. For example, Terziotti, Schena, Gulli, and Cevese (2001) reported decreases in HF at 15 min post-exercise (at 50% and 80% of anaerobic threshold). A study by Parekh and Lee (2005) examined HRV after different exercise intensities (50% and 80% max) but with the same calorific expenditure. Results indicated that exercise at 50%  max produced quicker restoration of HRV to baseline level than exercise at 80%  max indicating that the higher the exercise intensity the slower the recovery of cardiac autonomic balance. 




2.3 Summary and Overview

The current research will address the following limitations of previous studies: examine whether there is a preference of sport/exercise activities among telic and paratelic dominant individuals as Svebak and Kerr (1989) proposed (Studies 1, 2, 3 and 4), examine whether TD and PD can perform better, feel less stress and show positive emotions in their preferred state (Studies 1, 2, 3 and 4), examine whether EMG gradients in passive lower limb muscle during repetitive leg exercise is observed in the telic state (Study 2) and whether HRV is related to emotions and stress in different metamotivational dominances/states (Studies 3 and 4).
To address the limitations of previous research and to add to the current body of research the thesis involved a number of related studies, as discussed below.

Study 1: Metamotivational dominance, EMG and isometric task performance (explosive exercise)
Aim: To assess EMG, emotion, stress and isometric leg extension performance in telic and paratelic dominant subjects in manipulated telic and paratelic states.

Study 2: Metamotivational dominance, EMG and isokinetic task performance (endurance exercise)
Aim: To assess EMG gradients, emotion, stress and isokinetic leg extension performance in telic and paratelic dominant subjects when states are manipulated (telic and paratelic).

Rationale: Results concerning the influence of dominance and state on EMG recordings are mixed and no studies to date have manipulated metamotivational state during task performance to address this issue. Doing so will determine if EMG gradients are attributable to metamotivational dominance or state. By examining performance, stress and emotion in both telic and paratelic states for both groups, it will be possible to establish whether performing in a preferred state is more beneficial. Only a limited number of studies have manipulated metamotivational state to examine dominance and state in relation to these factors.

Study 3: Metamotivational dominance, HRV, stress and emotion and anaerobic task performance (explosive exercise)
Aim: To assess HRV, emotion, stress and anaerobic power among telic and paratelic dominant subjects when states are manipulated (telic and paratelic).

Study 4: Metamotivational dominance, HRV, stress and emotion and aerobic task performance (endurance exercise)
Aim: To assess HRV, emotion, stress and aerobic capacity among telic and paratelic dominant subjects when states are manipulated (telic and paratelic).

Rationale: HRV has demonstrated associations with different personality variables and state responses, however, no studies have yet examined HRV in the context of reversal theory using an experimental design whereby paratelic and telic dominants perform exercise tasks in both manipulated telic and paratelic states. Doing so allows the determination of potential differences in HRV in relation to metamotivational states and dominance. These studies also build on Studies 1 and 2 by employing more complex motor tasks. 





















	The present study will address the following limitations of previous studies: examine whether there is a preference of sport/exercise activities among telic and paratelic dominant individuals as Svebak and Kerr (1989) proposed and examine whether TD and PD can perform better, feel less stress and show positive emotions in their preferred state.
No previous study has investigated whether Svebak’s triangular relationship (1999) exists in non-elite athletes by examining all three components in the same study. The only study which has examined the relationship in non-elite athletes has examined changes in emotion and stress but one of the three components, biological makeup/physiological responses, was not included. In addition, performance was not measured and subjects’ preferred activity was not identified (Kerr et al., 2006). Thus there is a need for further research where all three components are measured in one study.
Various studies (e.g., Kerr, 1997; Kerr & Cox, 1989, 1990; Males, Kerr, & Gerkovich, 1998; Perkins et al., 2001) have examined relationships between emotions, stress and performance. However, findings from these studies are mixed. There is a need to better understand the relationships between metamotivational state, emotions, stress and performance via a protocol where metamotivational states are manipulated. The current study examines Svebak’s triangular relationship during explosive exercise. The study also examined whether TD and PD groups perform better and experience less stress and more positive affect in their preferred or non-preferred state. 


















Subjects were recruited from an undergraduate Sport and Exercise Science Programme at University of Wales, Aberystwyth and from the wider university population via email and verbal approach (N = 157; mean age = 21.0 ± 5.7 years; range 18 - 65; see appendix A). All subjects provided written informed consent (see appendix B) to participate in the initial sampling phase, which was approved by the research ethics committee of University of Wales, Aberystwyth. The Paratelic Dominance Scale (PDS; Cook & Gerkovich, 1993; see appendix C), on which scores range between 0-30 with higher scores indicating PD and lower scores TD, was completed by the entire pool of subjects. Study subjects were purposely sampled from this pool based on their score (see appendix D). The mean and SD for the PDS score was 16.05 ± 5.71; subjects who scored higher than one standard deviation above the mean (21.76) were classified into the PD group, while subjects who scored lower than one standard deviation below the mean (10.34) were classified into the TD group (Gerkovich, Cook, Hoffman, & O’Connell, 1998). Age, sex, preferred sports/exercise activity and frequency of exercise per week were recorded for each subject (see appendix E).
Fourteen TD (PDS mean = 6.14 ± 2.32) and 13 PD (PDS mean = 24.00 ± 0.84) individuals participated in the main study. There were 7 males and 7 females in the TD group (mean age = 25.7 ± 9.0 years; range 18 – 53 years), with a mean exercise frequency of 3.9 ± 1.7 times per week. The PD group comprised 7 males and 6 females (mean age = 21.2 ± 5.7 years; range 18 – 38 years), with a mean exercise frequency of 3.0 ± 1.8 times per week. All subjects were right leg dominant. Written informed consent was obtained from each subject prior to participation in the study which was approved by the ethics committee of Aberystwyth University and all procedures conformed to the World Medical Association’s Declaration of Helsinki and the British Psychological Society’s Ethical Principles for Conducting Research with Human Participants (see appendices F). 




Paratelic Dominance Scale (PDS; Cook & Gerkovich, 1993; see appendix C). There are 30 items in the PDS, which are split into three theoretically based subscales: playfulness, spontaneous and arousal seeking. Each subscale is represented by 10 items within a true/false answer format. Responses are scored with 0 = telic option and 1 = paratelic option, resulting in a scoring range of 0-30 (0 being extremely telic and 30 being extremely paratelic). 
The PDS’ factor structure is consistent with reversal theory conceptualizations. The alpha coefficient for odd-numbered items in the study by Cook and Gerkovich (1993) was 0.87 and for even-numbered items was 0.86, while internal consistency (alpha) values were: 0.83 (odd) and 0.84 (even) for the spontaneous subscale, 0.83 (odd) and 0.84 (even) for the arousal seeking subscale, and 0.75 (odd) and 0.78 (even) for the playful subscale. No sex differences have been identified in previous samples and population data demonstrate a normal distribution, as indicated by acceptable skewness and kurtosis.
Telic State Measure (TSM; Svebak & Murgatroyd, 1985; see appendix G). There are five items in the TSM to determine whether the person is in the telic or paratelic state at that moment and their associated arousal and effort. The five items are: serious-playful, planning-spontaneous, felt arousal (low-high), preferred arousal (low-high), and effort invested in the task (low-high). A six point rating scale with these defining adjectives at each end is used for each item. Low scores (1-3) for the serious-playful and planning-spontaneous items indicate the telic state, and high scores (4-6) indicate the paratelic state. Previous research has used only selected items from the TSM (Perkins, Wilson, & Kerr, 2001). The first four items (i.e., serious-playful, planning-spontaneous, felt arousal and preferred arousal) were used in this study. 
Tension and Effort Stress Inventory (TESI; Svebak, 1993; see appendix H). There are 20 items in the TESI to measure tension stress, effort stress, pleasant emotions, and unpleasant emotions. The first four items on the TESI ask subjects to estimate: (1) the degree of pressure, stress, challenge, or demand they are exposed to in the current situation from internal and external sources (tension stress) and (2) their investment of effort in trying to cope with external situational factors (external effort stress) and one’s own body (internal effort stress). The next section includes a list of 16 emotions (8 pleasant emotions: relaxation, excitement, placidity, provocativeness, pride, modesty, gratitude, and virtue and 8 unpleasant: anxiety, boredom, anger, sullenness, humiliation, shame, resentment, and guilt). The rating scale ranges from 1-7 (1 being ‘not at all’ and 7 being ‘very much’) for each item on which respondents indicate the degree to which they are experiencing each emotion. The first four items, which measure stress, and the first four emotion items (relaxation, anxiety, excitement, and boredom) were used in this study as in previous research (Perkins et al., 2001). These emotions are the most relevant to the telic and paratelic states (Apter, 1982). The TESI is used widely in reversal theory studies examining sporting performance, and its validity is confirmed (e.g., Males & Kerr, 1996; Svebak, 1993). Furthermore, internal reliability was measured by Males and Kerr (1996), and Cronbach’s alpha coefficient values of 0.88 and 0.75 for pleasant and unpleasant emotions were obtained.
HR. Heart rate data were recorded via a short wave telemetry device (Polar S610i, Polar, Kempela, Finland).












Subjects attended the laboratory to become accustomed to the explosive leg exercise using the isokinetic dynamometer (Biodex Isokinetic Sytem III, IPRS Mediquipe, Little Blakenham, UK). Subjects’ stature (wall-mounted Stadiometer, Holtain Ltd, Crymych, UK)  and body mass (Seca 645, Seca gmb & co, Hamburg, Germany) were recorded. The dominant thigh, based on preference of kicking (every subject’s dominant thigh was the right thigh) was measured to determine mid-thigh cross sectional area (CSA). The mid-thigh point was identified by measuring midway between the inguinila crease and the proximal border of the patella and circumference was measured to the nearest 0.1 cm (anthropometry tape measure [Rollfix, Hoechstmass, West Germany]). During measurement the tape remained perpendicular to the longitudinal axis of the thigh. The anterior mid-thigh skinfold was measured (Harpendon Skinfold Calipers [Baty, West Sussex, UK]) to the nearest 0.2 mm. Each skin-fold was measured twice and a mean value was recorded. Total thigh muscle CSA was calculated using the Housh, Housh, Weir, Johnson and Stout (1995) formula:
 
Total Thigh Muscle CSA = (4.68 * midthigh circumference in cm) – (2.09 * anterior thigh skin-fold in mm) – 80.99.
	





















Figure 3.1: Schematic of experimental protocol.





All data are represented as mean  SD. SPSS (version 15.0) for Windows was used for all statistical analyses. Independent t-tests were conducted to compare PDS scores between TD and PD groups.
 
From the TSM and the TESI variables, repeated measures MANOVAs (doubly multivariate profile analysis) were applied on coherent groupings of related measures. When multiple repeated measures are involved, MANOVA is the preferred method of analysis (Vasey & Thayer, 1987) since the Type I error rate is minimized by reducing the number of primary analyses given the large number of dependent variables in the chosen method. The TSM variables comprised one group, and three groups were produced from the TESI variables: pleasant emotions (relaxation/excitement), unpleasant emotions (anxiety/boredom) and stress (external and internal tension stress and external and internal effort stress).
Further analyses were performed using two-way repeated measures ANOVA for each dominance group on TESI and TSM data (state * time). State had 2 levels (telic, paratelic) and time had 3 levels (baseline, pre-exercise, post-exercise).
Elctromyographic data were analysed via two-way repeated measures ANOVA (state * dominance). State had 2 levels (telic and paratelic) and dominance had 2 levels (TD and PD).
Heart rate was analysed via three-way repeated measures ANOVA (dominance * state * time). There were 2 levels for both dominance (TD and PD) and state (telic, paratelic) and 3 levels for time (baseline, pre- and post-exercise).
Any significant interactions revealed by ANOVAs and MANOVAs on the individual variables were further analyzed with t-tests to identify specific differences between individual means. Bonferroni adjustment for the number of pairwise comparisons was employed. Greenhouse-Geisser ε corrections were used when the sphericity assumption was violated.
























3.3.1 Biological and PDS Data















Table 3.1: Subject characteristics and Paratelic Dominance Scale (PDS) data for telic dominance and paratelic dominance groups. * p < 0.05.























Preferred sports among subjects were categorised into telic and paratelic activities based on the classifications used in previous studies (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989; Svebak & Kerr, 1989). However, some activities can be categorised into both groups (e.g., karate can be considered a telic activity since the movements it involves motions can be repetitive and it is an individual activity. On the other hand, karate requires explosive movement, which is considered to be a characteristic of paratelic activities). Therefore, there remains a need for more depth investigation in categorising sport activities into telic and paratelic.

Running was the most favoured exercise for the TD group, cited by 5 subjects, with 2 subjects favouring badminton, and 1 participant each preferring basketball, field hockey, individual sports, rowing, soccer, and weight lifting. Running, badminton, individual sports, rowing, and weight lifting can be considered telic activities. Rugby was the most favoured exercise for the PD group, cited by 3 subjects, followed by field hockey, soccer, and swimming, all identified by 2 subjects. Basketball, dance, surfing, and tennis were favoured by 1 subject. Other than tennis and swimming, these are all paratelic activities (see Table 3.2).

Table 3.2: Preferred exercise activities for telic and paratelic dominance subjects; numbers in parentheses indicate the number of subjects who cited this activity.































Table 3.3: TSM scores for telic and paratelic dominance groups at baseline (base), pre- and post-exercise in the telic and paratelic state manipulation conditions.

Telic dominance group												




















Table 3.4: TESI scores for telic and paratelic dominance groups at baseline (base), pre- and post-exercise in the telic and paratelic state manipulation conditions.

Telic dominance group												
































Table 3.5: TSM scores for telic and paratelic dominance groups in the telic state (TS) and paratelic state (PS) manipulation conditions regardless of time.

















































3.3.4 Test of Assumptions for TSM and TESI Data

Homogeneity of variance-covariance matrices were not needed as the data are within subjects. The number of cases in each cell (14 for TD and 13 for PD) were greater than the number of dependent variables (12 for TSM and TESI stress and 8 for TESI pleasant and unpleasant emotions); therefore, MANOVA was applied to these data. 
To examine normality, the percentage of dependent variables that are not normally distributed was calculated by examining the amount of dependent variables that demonstrated any skewness or kurtosis (two score above ±2.0). The majority of variables were normally distributed (TD: 93.1% for kurtosis, 88.9% for skewness; PD: 97.2% for kurtosis, 90.3% for skewness; see appendix I & J). To avoid multicollinearity, correlation coefficients, using Pearson’s correlation were determined for every pair of dependent variables in each group for each MANOVA (i.e., dependent variable * time; Brace, Kemp, & Snelgar, 2006). According to Tabachnick and Fidell (2001), correlations should not exist between each dependent variable, and, while there were some pairs of correlations over 0.90, the majority were below 0.90. However, because these were within subjects data and tests of assumptions showed only modest violation, it was considered viable to conduct MANOVA and ANOVA (Brace et al., 2006). 
Results of the MANOVA conducted on the TSM and TESI variables are presented in Table 3.9. Results of the repeated measures ANOVAs conducted on the TSM and TESI variables are presented in Tables 3.10 and 3.11, respectively. 

Effect size for ANOVA is presented in partial eta squared (ŋ²). To interpret the strength of effect size, the following guidelines were used (Muijs, 2004):
•	0.1 – 0.3 = weak effect;
•	0.3 – 0.5 = moderate effect; and





Table 3.9: Summary of F ratios for MANOVA on state (TS/PS) and time (baseline, pre-, and post-exercise) for TSM items, TESI pleasant items, TESI unpleasant items and TESI stress items for telic dominance and paratelic dominace groups; *p < 0.05.

	Telic dominance group			Paratelic dominance group		
	state	time	state * time	state	time	state * time
 	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio
	(df = 4, 10)	(df = 8, 6)	(df = 8, 6)	(df = 4, 9)	(df = 8, 5)	(df = 8, 5)
TSM items	5.99*	3.60	2.72	10.06*	3.64	4.12
	(df = 2, 12)	(df = 4, 10)	(df = 4, 10)	(df = 2, 11)	(df = 4, 9)	(df = 4, 9)
TESI pleasant	0.09	0.82	2.20	4.90*	1.94	2.02
TESI unpleasant	3.58	8.09*	3.58*	3.49	1.84	7.36*







Table 3.10: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and time (baseline, pre-, and post-exercise) for TSM items for telic and paratelic dominance groups; *p < 0.0125.

	Telic dominance group			Paratelic dominance group		
TSM variable	state	time	state * time	state	time	state * time
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio





















Table 3.11: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and time (baseline, pre-, and post-exercise) for TESI items for telic and paratelic dominance groups; for emotion items, *p < 0.025; for stress items, *p < 0.0125.

	Telic dominance group			Paratelic dominance group		
TESI variable	state	time	state * time	state	time	state * time
 	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio















3.3.5 Metamotivational State and Arousal

For the TD group, MANOVA revealed that there was a significant effect of state on the combined dependent variable of TSM items (serious-playful, planning-spontaneous, felt arousal and preferred arousal; Wilk’s Lambda = 0.71; partial ŋ² = 0.71). Partial Eta Squared indicated a strong effect size.
For the PD group, MANOVA revealed that there was a significant effect of state on the combined dependent variable of TSM items with a strong effect size (serious-playful, planning-spontaneous, felt arousal and preferred arousal; Wilk’s Lambda = 0.18; partial ŋ² = 0.82).
Analysis of each individual dependent variable, using a Bonferroni adjusted α level of 0.0125 (for TSM variables and TESI stress variables) and an α level of 0.025 (for TESI emotion variables) indicated the following results.
 
3.3.5.1 Effect of Manipulation and Exercise on Metamotivational State





Figure 3.2: Serious-playful ratings of the telic dominance group in telic and paratelic state manipulation conditions. Error bars denote SD. 

For the PD group, there was a state main effect and a strong effect size (partial ŋ² = 0.75) and a state * time interaction with a strong effect size (partial ŋ² = 0.62) but no time main effect (partial ŋ² = 0.15; Table 3.10). A t-test showed a significantly higher playful score in the PS condition than in the TS condition (t (38) = -6.86, p < 0.00; TS mean = 2.97; PS mean = 4.46).
The PD group was more serious following the telic manipulation and more playful following the paratelic manipulation (Figure 3.3). At pre-exercise, there was a significant difference between scores reported in the TS and PS conditions (t (12) = -8.68, p < 0.05) that was maintained post-exercise (t (12) = -7.14, p < 0.05; Figure 3.3). 




Figure 3.3: Serious-playful ratings of the paratelic dominance group in telic and paratelic state manipulation conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre. ▲Significant difference between TS and PS conditions at post. ◊Significant difference between baseline and pre in the TS condition. ‡Significant difference between baseline and pre in the PS condition (p < 0.05).

For the planning-spontaneous variable no significant effects were identified for the TD group (state: partial ŋ² = 0.001, time: partial ŋ² = 0.20, state * time: partial ŋ² = 0.12) and for the PD group (state: partial ŋ² = 0.28, time: partial ŋ² = 0.19, state * time: partial ŋ² = 0.31; Table 3.10). In the PS condition, the PD group was significantly more spontaneous than in the TS condition at pre-exercise (t (12) = -2.94, p < 0.05; PS pre- mean = 4.77, TS pre- mean = 3.77) and post-exercise (t (12) = -2.21, p < 0.05; PS pre- mean = 4.23, TS pre- mean = 3.69; Figure 3.5). In the PS condition, PDs were significantly more spontaneous at pre-exercise than baseline (t (12) = -2.89, p < 0.05) and post-exercise (t (12) = 2.50, p < 0.05; baseline mean = 4.15, pre- mean = 4.77, post- mean = 4.23). 













For the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.43) but no state main effect (partial ŋ² =0.20) or state * time interaction (partial ŋ² =0.17). A t-test showed significant increases from baseline to post-exercise (t (27) = -2.93, p < 0.007) and from pre- to post-exercise (t (27) = -3.87, p< 0.001; baseline mean = 2.79, pre- mean = 2.61, post- mean = 3.43). For the PD group, no significant effects were identified (state: partial ŋ² = 0.01, time: partial ŋ² = 0.30, state * time: partial ŋ² = 0.07; Table 3.10).
For the preferred arousal rating no significant effects were identified for both TD (state: partial ŋ² = 0.22, time: partial ŋ² = 0.04, state * time: partial ŋ² = 0.08) and PD groups (state: partial ŋ² = 0.10, time: partial ŋ² = 0.09, state * time: partial ŋ² = 0.29; Table 3.10).


3.3.6 Emotions and Stress Responses

For the TD group, MANOVA revealed no significant effect of state (TS and PS conditions; Wilk’s Lambda = 0.96; partial ŋ² = 0.02), time (baseline, pre- and post-exercise; Wilk’s Lambda = 0.74; partial ŋ² = 0.25) and a state * time interaction (Wilk’s Lambda = 0.53; partial ŋ² = 0.47) for the TESI pleasant items (relaxation and excitement). For the TESI unpleasant items (anxiety and boredom), MANOVA revealed that there was a significant effect and a strong effect size of time (Wilk’s Lambda = 0.24; partial ŋ² = 0.76) and a state * time interaction (Wilk’s Lambda = 0.41; partial ŋ² = 0.59) but no state effect (Wilk’s Lambda = 0.63; partial ŋ² = 0.37). MANOVA also revealed that there was a significant effect of state and a strong effect size (Wilk’s Lambda = 0.35; partial ŋ² = 0.66) and time (Wilk’s Lambda = 0.08; partial ŋ² = 0.92) but no state * time interaction (Wilk’s Lambda = 0.44; partial ŋ² = 0.56) on the combined dependent variables of TESI stress items (external and internal tension stress and external and internal effort stress; Table 3.9).
For the PD group, MANOVA revealed that there was a significant effect of state and a strong effect size (Wilk’s Lambda = 0.53; partial ŋ² = 0.47) but no time effect (Wilk’s Lambda = 0.54; partial ŋ² = 0.46) or state * time interaction (Wilk’s Lambda = 0.53; partial ŋ² = 0.47) on the combined dependent variables of TESI pleasant items. For the TESI unpleasant items, there was a significant interaction and a strong effect of state * time (Wilk’s Lambda = 0.23; partial ŋ² = 0.77) but no effect state (Wilk’s Lambda = 0.61; partial ŋ² = 0.39) or time (Wilk’s Lambda = 0.55; partial ŋ² = 0.45; Table 3.11).
Relaxation. For relaxation no significant effects were found for both TD (state: partial ŋ² = 0.003, time: partial ŋ² = 0.11, state * time: partial ŋ² = 0.22) and PD groups (state: partial ŋ² = 0.07, time: partial ŋ² = 0.06, state * time: partial ŋ² = 0.08; Table 3.11).
Anxiety. For the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.38) but no state main effect (partial ŋ² =0.17) or state * time interaction (partial ŋ² =0.10). T-tests showed a significant decrease in anxiety from baseline to pre-exercise (t (27) = 4.12, p < 0.00) and a significant increase from pre- to post-exercise (t (27) = -2.19, p < 0.037; baseline mean = 2.57, pre- mean = 1.75, post- mean = 2.18). For the PD group there were no significant effects (state: partial ŋ² = 0.05, time: partial ŋ² = 0.18, state * time: partial ŋ² = 0.08; Table 3.11).
Excitement. For the TD group, there were no significant effects (state: partial ŋ² = 0.01, time: partial ŋ² = 0.08, state * time: partial ŋ² = 0.22; Table 3.11). For the PD group, there was a state main effect and a moderate effect size (partial ŋ² = 0.43) and a state * time interaction (partial ŋ² = 0.35) but no time main effect (partial ŋ² = 0.13; Table 3.11 and Figure 3.6). T-test showed significantly more excitement in the PS condition (t (38) = -4.22, p < 0.00; TS mean = 2.21, PS mean = 3.18). 
The PD group’s scores decreased significantly from baseline to pre-exercise (t (12) = 3.09, p < 0.05) and from baseline to post-exercise (t (12) = 3.27, p < 0.05) in the TS condition (baseline mean = 2.85, pre- mean = 2.00, post- mean = 1.77). There was a significant difference in scores between the TS and PS conditions at pre-exercise (t (12) = -3.16, p < 0.05) and post-exercise (t (12) = -3.60, p < 0.05). Excitement was significantly higher in the PS condition at both time points.


Figure 3.6: Excitement ratings of the paratelic group in telic and paratelic state manipulation conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre. ▲Significant difference between TS and PS conditions at post. †Significant difference between baseline and pre and baseline and post in the TS condition. ◊Significant difference between baseline and pre in the PS condition (p < 0.05).

Boredom. For the boredom scores there were no significant effects for the TD group (state: partial ŋ² = 0.32, time: partial ŋ² = 0.07, state * time: partial ŋ² = 0.23;Table 3.11). For the PD group (Figure 3.7), there was a state main effect and a moderate effect size (partial ŋ² = 0.39) and a strong effect size for a state * time interaction (partial ŋ² = 0.52) but no time main effect (partial ŋ² = 0.06; Table 3.11). T-test showed significantly more boredom in the TS condition than in the PS condition (t (38) = 2.88, p < 0.006; TS mean = 2.82, PS mean = 2.10).




Figure 3.7: Boredom ratings of the paratelic dominance group in telic and paratelic state manipulation conditions. Error bars denote SD. *Significant difference between baseline and pre in the PS condition. ▲Significant difference between baseline and pre and baseline and post in the TS condition (p < 0.05).

External tension stress. For the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.33) but no state main effect (partial ŋ² =0.02) or state * time interaction (partial ŋ² =0.01; Table 3.11). T-test showed a significant increase from pre- to post-exercise (t (27) = -3.12, p < 0.004; pre- mean 2.68, post- mean = 3.39). For the PD group, there were no significant effects (state: partial ŋ² = 0.11, time: partial ŋ² = 0.17, state * time: partial ŋ² = 0.25; Table 3.11).
Internal tension stress. For the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.35) but no state main effect (partial ŋ² =0.01) or state * time interaction (partial ŋ² =0.001; Table 3.11). T-tests showed significant increases from baseline to post-exercise (t (27) = -2.32, p < 0.028) and from pre- to post-exercise (t (27) = -3.59, p < 0.001; baseline mean = 2.82, pre- mean = 2.54, post- mean = 3.57). For the PD group, there were no significant effects (state: partial ŋ² = 0.01, time: partial ŋ² = 0.11, state * time: partial ŋ² = 0.18; Table 3.11). 
External effort stress. For the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.35) but no state main effect (partial ŋ² =0.18) or state * time interaction (partial ŋ² =0.04; Table 3.11). T-tests showed a significant decrease from baseline to pre-exercise (t (27) = 2.06, p < 0.05) and a significant increase from pre- to post-exercise (t (27) = -4.39, p < 0.00; baseline mean = 2.96, pre- mean = 2.54, post- mean = 3.46). For the PD group, there were no significant effects (state: partial ŋ² = 0.15, time: partial ŋ² = 0.15, state * time: partial ŋ² = 0; Table 3.11). 
Internal effort stress. There were no significant effects for both TD (state: partial ŋ² = 0.16, time: partial ŋ² = 0.25, state * time: partial ŋ² = 0.17) and PD groups (state: partial ŋ² = 0.01, time: partial ŋ² = 0.20, state * time: partial ŋ² = 0.03; Table 3.11). 

3.3.7 Summary of Emotion and Stress Responses.

TD group. No change was observed in relaxation, excitement and boredom throuough the course of exerperiment in both TS and PS conditions. Decrease in anxiety was caused by state manipulation observed at pre-exercise and an increase caused by exercise, going back to same level as baseline, at post-exercise in both conditions. Three stress variables excluding internal effort stress indicated that TDs were more stressed after exercise in both conditions.












Table 3.12: Peak torque and MVC/CSA for telic and paratelic dominance groups in telic and paratelic state manipulation conditions.

			Telic dominance group	



















Table 3.13: EMG activity during 5 s MVC for telic and paratelic dominance groups in telic and paratelic state manipulation conditions.

				 RMS (mV)		
	 		Right rectus femoris	Right biceps femoris	Left rectus femoris	Left biceps femoris













Table 3.14: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and dominance (TD, PD) for EMG activities for all 4 muscles. In all cases p > 0.05; * df = 1, 25; # df = 1, 22.

	state	state * dominance















3.3.10 Heart Rate 













Table 3.15: Summary of F ratios for three-way repeated measures ANOVA on state (TS/PS), time (baseline, pre- and post-exercise) and dominance (TD, PD) for mean HR; *p < 0.05; # df = 1, 25; § df = 2, 50.











Table 3.16: HR (bpm) for TD and PD groups regardless of state and time.

 	Mean	SD
Telic dominance group (N = 84)	71.12	11.84
Paratelic dominance group (N = 78)	82.94	12.3








	For HR, there were dominance and time main effects and time * dominance interaction (Table 3.15). The PD group had significantly higher HR than the TD group overall (t (160) = -6.23, p < 0.05; Table 3.16). 
For the TD group, HR increased significantly from baseline to post-exercise and from pre- to post-exercise inboth the TS and PS conditions (TS: baseline to post-exercise, t(13) = -5.218, p < 0.05; pre-to post-exercise, t(13) = -5.051, p < 0.05; PS: baseline to post-exercise, t(13) = -4.453, p < 0.05; pre- to post-exercise, t(13) = -4.91, p < 0.05).




Figure 3.8: HR for telic (TD) and paratelic (PD) dominance groups in telic (TS) and paratelic (PS) state manipulation conditions.












The main purpose of this study was to examine the affective, physiological and performance responses of TD and PD individuals when performing explosive exercise in different metamotivational states (telic and paratelic). The study employed Svebak’s proposed triangular relationship between sport preference, personality and physiological characteristics as its underpinning framework. HR and EMG were used as physiological markers and isometric leg extension performance was employed as the performance marker. 
The hypotheses for the present study were: 1.) TD subjects prefer individual, endurance activities, while PD subjects prefer team and explosive activities, 2.) during explosive exercise, PD subjects will experience less stress and report more positive emotions than TD subjects in the paratelic state and vice versa for TD subjects, 3.) PD subjects will produce significantly more power (performance marker) than TD subjects, 4.) PD subjects will produce significantly more power in the paratelic state than in the telic state and vice versa for the TD subjects, and, 5.) PD subjects will exhibit significantly more EMG activity and a higher HR during explosive isometric leg exercise than the TD group.
In relation to hypothesis one, 71.43% of TD subjects preferred telic activities, and 76.92% of PD subjects preferred paratelic activities. None of the PD subjects preferred endurance activities such as running and rowing, while the most popular exercise activity among the TD group was running. Svebak and Kerr (1989) examined the relationship between sport preference and metamotivational dominance and reported that telic individuals tend to prefer endurance exercise such as marathon running and rowing, while paratelic individuals prefer explosive exercise such as baseball and soccer.  In addition to explosive exercise, activities such as surfing and dancing are also considered paratelic as both require spontaneous movements. Kerr (1991) compared surfers and sailboarders with weight lifters and found that surfers and sailboarders were significantly more paratelic dominant than weight lifters. Therefore, current results are in line with findings from previous studies (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989), where endurance exercise is favoured by telic dominant individuals, and explosive exercise is favoured by paratelic dominant individuals. Results support one part of Svebak’s triangular relationship as sport and exercise preference did match with metamotivational dominance in a non-elite athlete population.
Hypothesis two received only partial support. The hypothesis was supported for tension and effort stress items; unlike Kerr et al.’s study (2006), where they found no difference in stress scores in relation to dominance, differences were found in the current study. In the PD group, tension and effort stress did not differ in relation to state and dominance. The TD group, on the other hand, demonstrated increases in stress (apart from internal effort stress) across time in both conditions but responses did not differ between the TS and PS conditions. At post-exercise, three of the four stress ratings in the TD group increased, suggesting that TD subjects were stressed by the exercise and/or experiment. Similarly, in line with these changes in stress, anxiety increased in the TD group throughout the exercise protocol whilst no changes were seen in the PD group. These results are in line with a study by Dobbin and Martin (1988), where results showed that in stressful situations telic dominant individuals have higher levels of cortisol than paratelic dominant individuals. This is because TDs perceive an unresolved problem (e.g., an exercise test in the current study) as stressful whereas PDs thrive at moderate amounts of stress, perceiving such situations as challenging.The PD and TD groups showed no significant change in relaxation throughout the experiment in both trials. These results are in line with Kerr et al., but do not support the current study’s hypothesis.
Excitement did not differ in relation to state or time for the TD group but was higher in the PS condition in the PD group at pre- and post-exercise. In the TS condition, the PD group became less excited over the course of the exercise. These results support the study’s hypothesis, and for the PD group, seem closely related to serious-playful orientations, as they were excited in the PS condition and less excited in the TS condition.
Boredom did not differ in the TD group in relation to state and time. However, as would be expected, the PD group was more bored in the TS condition than the PS condition with decreasing boredom over time in the PS condition and increasing boredom in the TS condition. Similar to excitement, results did support the hypothesis. Unlike relaxation and anxiety scores, excitement and boredom scores changed in accordance with serious-playful scores, i.e., subjects were excited and less bored in the PS condition and less excited and bored in the TS condition.  Both excitement and boredom showed different patterns from those seen by Kerr et al., where hypothesis was not supported unlike present study. Their study showed an increase in excitement and decrease in boredom in both paratelic and telic activities for both TD and PD groups. Though no significant differences were observed in the performance between two state conditions, emotionally, PD individuals were more comfortable in the PS condition than in the TS condition, which is line with the reversal theory proposals (Apter, 1989).

Serious-playful scores clearly showed that both groups’ metamotivational states were reversed to the targeted state for both conditions (i.e., the TD group became paratelic after 10 min of manipulation in the PS condition, and the PD group became telic after 10 min of manipulation in the TS condition). The two groups differed though in that the PD group began the experiment in a playful orientation for both trials, while the TD group began the experiment in a serious orientation for both conditions. Also, the PD group remained in the manipulated state at post-exercise for both conditions, while the TD group reversed back to the telic state at post-exercise in the PS condition. The TD group was expected to spend more time in the telic state, and the PD group was expected to spend more time in the paratelic state (Kerr, 1997).  Current results suggest that TD subjects may exhibit a greater preference to be in their preferred state (telic) than PD subjects, who remained in their non-preferred telic state after the TS condition. Unlike serious-playful scores, according to their planning-spontaneous scores, PD and TD groups remained in their preferred orientation throughout the experiment for both trials. State manipulation via video has never been used in reversal theory based research and appears not to have been successful in manipulating planning-spontaneous orientation, only serious-playful orientation. However, Bindarwish and Tenenbaum (2006) used task manipulation (by changing distance, with a short distance being a less stressful/less challenging and a longer distance being a stressful/more challenging manipulation, in a dart-throwing study), but did not measure planning-spontaneous scores. Both serious-playful and planning-spontaneous scores showed significant differences between the manipulated conditions. However, in the current research where more intense exercise was examined, changing heart rate via step exercise prior to an exercise trial would likely confound results. Therefore, there is a need for further research to examine manipulation techniques not only in terms of serious-playful scores but also in relation to planning-spontaneous scores.
Hypothesis three was not supported as there was no significant difference in performance on an isometric leg exercise task between TD and PD groups. This is most likely attributed to the non-elite status of the subjects. Unlike elite athletes, studies have found that the general population possess 45-55% slow-twitch muscle fibres (Bell, MacDougall, Billeter, & Howald, 1980; Dudley, Staron, Murray, Hagerman, & Liginguhl, 1983). We can assume that both TD and PD subjects possessed similar proportions of muscle fibres in the thigh muscle as their MVC/CSA results were similar (for the TD group, MVC/CSA for the TS condition was 1.36 ± 0.47 N/cm² and for the PS condition, 1.33 ± 0.51 N/cm²; for the PD group, MVC/CSA for the TS condition was 1.32 ± 0.51 N/cm² and for the PS condition, 1.40 ± 0.45 N/cm²). Thus, unlike elite athletes, in this non-elite sample, telic and paratelic dominance are unlikely to be accompanied by a preponderance of slow and fast-twitch fibres, respectively. Results suggest that metamotivational dominance may not necessarily be related to muscle fibre composition. However, this study did not measure muscle fibre composition, therefore there is clearly a need for studies to measure muscle fibre composition in elite and non-elite sports participants to obtain a clearer picture of the relationship between biological composition, personality and sport and exercise preference/performance.There is also a need for future investigations to examine how individuals who possess predominantly slow or fast-twitch muscle fibres have chosen their primary sport/exercise and whether their personality has changed over time while being involved in that sport/exercise. Current data regarding the relationship between dominance and sport/exercise preference are cross-sectional and focused mostly on adult athletes. Studies that examine this relationship from a developmental perspective would be worthwhile in helping to further understand Svebak’s triangular relationship and the causality of relationships it proposes.
For hypothesis four, there was almost no difference in peak torque between TS and PS conditions for the TD group. However, the PD group performed 5.71% better in the PS condition compared to the TS condition (TS: 159.92 N-m; PS: 169.05 N-m) although there was no significant difference between the two trials. These small differences in performance (during non-competitive activity) may not be meaningful within an amateur sample, but among elite athletes, a 5.71% improvement may be considered a huge improvement. According to Pyne, Trewin, and Hopkins (2004) approximately 1.0-1.4% improvement every year is necessary for elite swimmers to remain in the top-level of competition. Results suggest that for PD individuals, there may be a small amount of improvement in performance when they are in the paratelic state rather than in the telic state. It would be useful to replicate this study with elite sports participants to examine the magnitude of performance improvement within an elite sample.
Similarly, no support was offered for hypothesis five that EMG activity would be greater in PD subjects. EMG recordings in RMS from the highest effort for all 4 muscles (right rectus femoris, right biceps femoris, left rectus femoris and left biceps femoris) showed no significant difference between dominance or state conditions. As EMG activity did not differ between conditions it can be concluded that subjects exerted similar effort in both conditions.
The PD group had a constantly higher HR than the TD group throughout the course of the experiment in both state manipulation conditions, thus supporting hypothesis five. Although there were no differences in performance and EMG activity, differences in HR may be explained by the fact that the majority of subjects in the TD group preferred endurance exercise while the majority of subjects in the PD group preferred explosive exercise. Endurance training is known to decrease resting HR (baseline and pre-exercise in the present study) and post-exercise HR (Yamamoto, Miyachi, Saitoh, Yoshioka, & Onodera, 2001). However, a study by Svebak et al. (1982) which examined EMG gradients and HR, observed an increase in HR when subjects were placed in a threat condition. Subjects were told by the experimenter that an electric shock would be applied when they made mistakes during a car racing video game. The threat condition was assumed to induce a telic state with high arousal. Svebak et al. therefore concluded that the telic state will increase HR. Subsequently, a study by Svebak and Apter (1987) supported the suggestion that the telic state, not dominance, resulted in increased HR. In contrast though, a study by Spicer and Lyons (1997) found no differences in HR in relation to telic and paratelic dominance or state. However, similar results were not obtained in the present study as arousal was higher in the TD group than the PD group throughout the course of the experiment for both TS and PS conditions and HR was higher in the PD group in both state conditions. Clearly, this study did not find a telic state effect on HR as did Svebak et al.. Therefore, it could be suggested that the elevated HR seen in PDs is attributable to metamotivational dominance. However, given the exercise preferences and resting HR in the two dominance groups, the elevated HR seen in PDs in the current study is likely to indicate training differences between TD and PD individuals more than differences in arousal level. Future research could be conducted to address the contrasting findings in relation to state and dominance effect as HR and arousal.

The significant state by time interaction in HR may be explained by changes in HR at pre-exercise among the PD group and at post-exercise in the TD group. In PDs HR decreased at pre-exercise in the PS condition, while an increase was observed in the TD group at post-exercise in both conditions. This change in HR in the TD group reflects the increases in anxiety, internal and external tension and external effort stress observed between pre- and post-exercise. Thus, for TDs, it is possible that HR could be used as a predictor of stress and anxiety or vice versa. Why this is not the case for PDs is unclear. Possibly other emotions were related to HR changes in PDs, but the changes seen in boredom and excitement do not match the changes seen in HR for PDs. Future studies could examine this issue and more fully explain the link between HR, dominance, state and emotional response.
The main limitation of the present study was that planning-spontaneous orientation was not manipulated. It would be interesting to observe effects if the TD group reversed to a spontaneous orientation and the PD group reversed to a planning orientation. The second limitation is found in the lack of direct measurement of muscle fibre composition. Even though there were significant differences between TD and PD groups in HR and differences in sport and exercise preference, there was no significant difference in explosive task performance between the two groups; therefore it can not be assumed that these TD individuals have predominantly slow twitch muscle fibres and the PD individuals have predominantly fast twitch muscle fibres. Svebak’s previous studies (1984, 1986) have shown that serious-minded, goal oriented individuals (i.e., telic dominant) showed an increase in electromyographic (EMG) activity in non active muscles. A study by Svebak et al. (1993) has reported that subjects who possessed a high proportion of slow twitch muscle fibres (determined via muscle biopsy) showed an increase in EMG activity in the gastrocnemius muscle (a non-exercising part of the body) while subjects who possessed a low proportion of slow twitch muscle fibres showed very little activation of EMG in the gastrocnemius muscle. From these studies, Svebak has proposed the triangular relationship (1999), however, he did not measure metamotivational dominance in the muscle biopsy study (1993) or muscle fibre types in other studies (1984, 1986). There is a clear need for further research where all three aspects of this relationship are measured directly. 
	The present study has examined Svebak’s (1999) proposition of a triangular relationship between metamotivational dominance, preference of activity, and physiological responses within the general population simultaneously for the first time. In addition the study has examined whether both TD and PD individuals will be able to perform better and experience more positive emotions in their preferred state. The results indicated that there was a clear relationship between metamotivational dominance and preferred exercise, which showed that, in general, TD subjects prefer telic exercise activities and PD subjects prefer paratelic exercise activities. The proposed relationship between metamotivational dominance and physiological response was examined via HR and EMG. HR did show support the proposed relationship between metamotivational dominance and physiological responses, with TD subjects having significantly lower resting HR than PD subjects, most likely due to their preferred exercise. However, no significant differences were observed in EMG activity.  In addition, state and dominance differences were observed in some of the measured emotions. Finally, no significant difference in performance was identified between TD and PD groups.  

	The present study showed partial support for the triangular relationship between metamotivational dominance, preference of exercise activity and physiological responses (in HR but not in EMG activity) within the general population. Further investigation measuring different physiological markers and using different exercise activities will lend further support for Svebak’s proposition of triangular relationships among the general population. As clear results were not obtained pertaining to the relationship between performance, emotions and stress in relation to metamotivational dominance and preferred state, there is a need for further investigation of these relationships. 


















	The current research will address the following limitations of previous studies: examine whether there is a preference of sport/exercise activities among telic and paratelic dominant individuals as Svebak and Kerr (1989) proposed, examine whether TD and PD can perform better, feel less stress and show positive emotions in their preferred state, and examine whether EMG gradients in passive lower limb muscle during repetitive leg exercise is observed in the telic state.
From the series of studies by Svebak and colleagues (Apter & Svebak, 1986; Rimehaug & Svebak, 1987; Svebak, 1986; Svebak et al., 1981; Svebak & Murgatroyd, 1985; Svebak et al., 1982), Svebak has suggested that steeper EMG gradients can be attributed to subjects’ telic state rather than their metamotivational dominance (Apter & Svebak, 1986; Rimehaug & Svebak, 1987). In contrast, studies by Braathen and Svebak (1990, 1994) have shown that TD endurance athletes displayed EMG gradients, unlike PD power athletes, which helped form the foundation for Svebak’s triangular relationship.Thus there is some debate over whether EMG gradients in passive muscles are attributed to metamotivational dominance or state. In addition, Svebak and colleagues’ studies employed perceptual motor tasks therefore there is a need for research that examines this relationship within an exercise context to further understand relationships between EMG gradients and metamotivational dominance/state in sport and exercise.
According to a report by Malmo and Malmo (2000) only one study on EMG gradients has examined lower limb exercise (Macefield et al., 1991). This involved sustained voluntary isometric contraction of the ankle, and EMG gradients were measured only in the active limb. The present study will be the first to also examine EMG gradients in the passive limb during lower limb exercise on non-exercising leg.
Study 1 examined Svebak’s triangular relationship (1999) between metamotivational dominance, exercise preference and physiological response using explosive leg exercise. To further investigate this relationship Study 2 will examine Svebak’s triangular relationship in relation to isokinetic leg exercise, thus using endurance exercise as a performance marker. Finally the study will examine whether TD and PD groups perform better in their preferred state and how emotions and stress are affected when performing in different states, by manipulating subjects’ metamotivational state (telic and paratelic) during exercise. 







As in Study 1, subjects were recruited from an undergraduate Sport and Exercise Science Programme at University of Wales, Aberystwyth and from the wider university population via email and verbal approach (N = 157; mean age = 21.0 ± 5.7 years; range 18 - 65). The Paratelic Dominance Scale (PDS; Cook & Gerkovich, 1993) which rates subjects on a scale of 0-30 with higher scores indicating PD and lower scores indicating TD was completed and study subjects were purposely sampled from this pool based on their score. The mean and SD for PDS scores was 16.05 ± 5.71 (see appendix D); subjects who scored higher than one standard deviation above the mean (21.76) were classified into the PD group, while subjects who scored lower than one standard deviation below the mean (10.34) were classified into the TD group (Gerkovich, Cook, Hoffman, & O’Connell, 1998). 
Fourteen TD (PDS mean = 6.29 ± 2.49) and 12 PD (PDS mean = 24.04 ± 0.86) individuals participated in the main study. There were 7 males and 7 females in the TD group (mean age = 23.0 ± 4.2 years; range 18-30 years), with a mean exercise frequency of 4.0 ± 1.9 times per week. The PD group comprised of 7 males and 5 females (mean age = 21.2 ± 6.0 years; range 18 – 38 years), with a mean exercise frequency of 3.1 ± 1.8 times per week. Age, sex, most preferred sports/exercise activity and frequency of exercise per week were obtained from each subject. All subjects were right leg dominant. 
















Subjects attended the laboratory to become accustomed to the explosive leg exercise using the isokinetic dynamometer (Biodex Isokinetic Sytem III, IPRS Mediquipe, Little Blakenham, UK). Subjects’ stature (by a wall-mounted Stadiometer manufactured by Holtain Ltd, Crymych, UK) and body mass (using scales manufactured by Seca 645, Seca gmb & co, Hamburg, Germany) were recorded.





















Figure 4.1: Schematic of experimental protocol.

The mean power of the 100 repetition trial was calculated and used as a measure of performance. The EMG raw data were transformed into root mean square (RMS) values (Chart v5, ADInstruments, Castle Hill, Australia) and integrals were then calculated for the 5-second period pre-exercise, for each 10 repetition block and the 5-second period post-exercise. 
4.2.6 Data Analysis

All data are represented as mean  SD. SPSS (version 15.0) for Windows was used for all statistical analyses. Independent t-tests were conducted to compare descriptive characteristics and PDS scores between dominance groups. 
For the TSM and TESI variables, repeated measures MANOVAs (doubly multivariate profile analysis) were applied on coherent groupings of related measures as in Study 1. The TSM variables comprised one group, and three groups were produced from the TESI variables: pleasant emotions (relaxation/excitement), unpleasant emotions (anxiety/boredom) and stress (external and internal tension stress and external and internal effort stress).
Two-way repeated measures ANOVA (state * time) were applied to the TESI and TSM items and EMG activity data for each dominance group separately. For TESI and TSM items, state had two levels (telic, paratelic) and time had three levels (baseline, pre-exercise, post-exercise). EMG activity data were used to examine gradients and differences between the two conditions for both groups with two levels of state, as above. For EMG activity, time had 12 levels (pre-exercise, repetition 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90, 91-100 and post-exercise). 
HR data were used to examine changes in HR in both conditions for both groups, and three-way repeated measures ANOVA (dominance * state * time) was applied, with dominance (TD, PD) and state (telic, paratelic) having two levels and time (baseline, pre- and post-exercise) having three levels. 
For the performance measure, two-way repeated measures ANOVA (state * dominance) was applied to the mean power of the 100 repetitions to examine performance differences between groups and between the two conditions. There were two levels for state (telic, paratelic) and dominance (TD, PD). 



















4.3.1 Biological and PDS Data

The means and SDs for biological and PDS data are shown in Table 4.1. The PD group scored significantly higher than the TD group on the PDS: overall score (t (16.52) = -24.95, p < 0.05), playful-serious score (t (23.04) = -15.54, p < 0.05), spontaneous-planning score (t (2.072) = -11.50, p < 0.05), and arousal seeking score (t (19.70) = -9.90, p < 0.05) indicating that the two groups have different metamotivational personalities. There were no significant group differences for age, exercise amount per week, stature (cm) and body mass (kg), indicating that the two groups are similar in physical characteristics and exercise levels.

Table 4.1: Subject characteristics and Paratelic Dominance Scale (PDS) data for telic dominance and paratelic dominance groups; * p < 0.05.






















Eight out of the twelve subjects from the PD group preferred exercise which requires explosive movement (paratelic activities), with four subjects preferring endurance (running) or individual (tennis and swimming) activities. There were five subjects from the TD group who preferred endurance activities (four subjects preferred running and one preferred rowing). Another four subjects preferred individual exercise, which can be categorised as a telic activity. However, five TD subjects preferred team sports (soccer, rugby, and field hockey) which require explosive movements and are considered paratelic activities (Table 4.2).

Table 4.2: Preferred exercise activities for telic and paratelic dominance subjects; numbers in parentheses indicate the number of subjects who cited this activity.



























Table 4.3: TSM scores for telic dominance and paratelic dominance groups at baseline (base), pre- and post-exercise in the telic and paratelic state manipulation conditions.

Telic dominance group	　	　	　	　	　	　	　	　	　	　	　	　



















Table 4.4: TESI scores for telic and paratelic dominance groups at baseline (base), pre- and post-exercise in the telic and paratelic state manipulation conditions.
Telic dominance group	　	　	　	　	　	　	　	　	　	　	　	　



























Table 4.5: TSM scores for telic and paratelic dominance groups in the telic state (TS) and paratelic state (PS) manipulation conditions regardless of time.










Table 4.6: TESI scores for telic and paratelic dominance groups in the telic state (TS) and paratelic state (PS) manipulation conditions regardless of time.







External tension stress 	3.2	1	3	1	2	1	1.94	1
Internal tension stress 	3.1	1	3	1	2	1	1.83	1
External effort stress 	3	2	3	1	2	1	1.83	1




















Table 4.7: TSM scores for telic and paratelic dominance groups in the baseline (base), pre- and post-exercise regardless of state conditions.
　	Telic dominance group	　	　	　	　	　	Paratelic dominance group	　	　	　	　	　







Table 4.8: TESI scores for telic and paratelic dominance groups at baseline (base), pre- and post-exercise regardless of state conditions.
　	Telic dominance group	　	　	　	　	　	Paratelic dominance group	　	　	　	　	　













4.3.4 Tests of Assumptions for TSM and TESI Data

Assumptions were tested on the TESI and TSM data for the TD and PD groups to determine whether each data set was sufficiently robust to run MANOVA and ANOVA. Homogeneity of variance-covariance matrices were not needed as these were within subjects data. The number of cases in each cell (14 for TD and 12 for PD) were greater than the number of dependent variables included in each MANOVA (12 for TSM and TESI stress and 8 for TESI pleasant and unpleasant emotions) thus MANOVA was feasible.
To examine normality, the percentage of dependent variables that are not normally distributed was calculated by examining the amount of dependent variables that demonstrated any skewness or kurtosis (Z score above ± 2.0). The majority of variables were normally distributed (TD: 59.7% for kurtosis, 88.9% for skewness; PD: 91.7% for kurtosis, 75.0% for skewness; see appendix K & L). To avoid multicollinearity, correlation coefficients, using Pearson’s correlation, were determined for every pair of dependent variables in each group for each MANOVA (i.e., dependent variable * time; Brace, Kemp, & Snelgar, 2006). According to Tabachnick and Fidell (2001), correlations should not exist between each dependent variable, and although there were some pairs of variables with correlation coefficients above over 0.90, the majority were below 0.90. However, because these were within subjects data and these tests of assumptions showed only modest violation, the data are sufficiently robust to conduct MANOVA and ANOVA (Brace, Kemp, & Snelgar, 2006).

Results of the MANOVA conducted on the TSM and TESI variables are presented in Table 4.9. Results of the repeated measures ANOVAs conducted on the TSM and TESI variables are presented in Tables 4.10 and 4.11, respectively. 
Effect size for ANOVA is presented in partial eta squared (ŋ²). To interpret the strength of effect size, the following guidelines were used (Muijs, 2004):
•	0.1 – 0.3 = weak effect;
•	0.3 – 0.5 = moderate effect; and





Table 4.9: Summary of F ratios for MANOVA on state (TS/PS) and time (baseline, pre-, and post-exercise) for TSM items, TESI pleasant items, TESI unpleasant items and TESI stress items in the telic and paratelic dominance groups; *p < 0.05.

	Telic dominance group			Paratelic dominance group		
	state	time	state * time	state	time	state * time
 	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio
	(df = 4, 10)	(df = 8, 6)	(df = 8, 6)	(df = 4, 8)	(df = 8, 4)	(df = 8, 4)
TSM items	3.95*	1.70	20.54*	4.15*	1.59	3.83
	(df = 2, 12)	(df = 4, 10)	(df = 4, 10)	(df = 2, 10)	(df = 4, 8)	(df = 4, 8)
TESI pleasant	6.12*	6.21*	1.52	3.87	4.39*	2.62
TESI unpleasant	2.82	7.20*	3.09	14.31*	1.83	3.83*
	(df = 4, 10)	(df = 8, 6)	(df = 8, 6)	(df = 4, 8)	(df = 8, 4)	(df = 8, 4)
TESI stress	1.34	2.19	2.38	2.65	2.25	0.67

Table 4.10: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and time (baseline, pre-, and post-exercise) on TSM items in the telic and paratelic dominance groups; *p < 0.0125.

	Telic dominance group			Paratelic dominance group		
TSM variable	state	time	state * time	state	time	state * time
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio









Table 4.11: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and time (baseline, pre-, and post-exercise) for TESI items in the telic and paratelic dominance groups;*p < 0.025 for emotions and *p < 0.0125 for stress.

	Telic dominance group			Paratelic dominance group		
TESI variable	state	time	state * time	state	time	state * time
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio















4.3.5 Metamotivational State and Arousal

For the TD group, MANOVA revealed that there was a significant effect of state (TS and PS conditions) on the combined dependent variable of TSM items (serious-playful, planning-spontaneous, felt arousal and preferred arousal; Wilk’s Lambda = 0.39; partial ŋ² = 0.61). Partial Eta Squared indicated a strong effect size. A significant interaction and a strong effect size were observed between state and time (baseline, pre- and post-exercise) on the combined dependent variable of TSM items (Wilk’s Lambda = 0.04; partial ŋ² = 0.97; Table 4.9). 
For the PD group, MANOVA revealed that there was a significant effect of state (TS and PS conditions) on the combined dependent variable of TSM items with a strong effect size (serious-playful, planning-spontaneous, felt arousal and preferred arousal), F (4, 8) = 4.15, p < 0.05; Wilk’s Lambda = 0.33; partial ŋ² = 0.0.68 (see Table 4.9). 
Analysis of each individual dependent variable, using a Bonferroni adjusted α level of 0.0125 (for TSM variables and TESI stress variables) and an α level of 0.025 (for TESI emotion variables), indicated the following results.
 
4.3.5.1 Effect of Manipulation and Exercise on Metamotivational State

On the serious-playful item for the TD group, there was a state main effect and a moderate effect size (partial ŋ² = 0.46) and a state * time interaction a strong effect size (partial ŋ² = 0.53) but no time main effect (partial ŋ² = 0.19; Table 4.10). A t-test showed a significantly higher playful score in the PS condition than in the TS condition (t (41) = -3.00, p < 0.005; TS mean = 2.38; PS mean = 3.05; Figure 4.2).
Similarly, for the PD group, there was a state main effect and a strong effect size (partial ŋ² = 0.60) and a state * time interaction and a moderate effect size (partial ŋ² = 0.47) but no time main effect (partial ŋ² = 0.14; Table 4.10). A t-test showed a significantly higher playful score in the PS condition than in the TS condition (t (35) = -4.72, p < 0.00; TS mean = 3.33; PS mean = 4.50; Figure 4.3).











Figure 4.3: Serious-playful ratings of the paratelic dominance group in telic and paratelic state conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre. ▲Significant difference between TS and PS conditions at post (p < 0.05).

The TD group’s score decreased significantly from baseline to pre-exercise (t (13) = 3.48, p < 0.05) and baseline to post-exercise (t (13) = 2.22, p < 0.05) in the TS condition (baseline mean = 2.93, pre- mean = 2.00, post- mean = 2.21). This indicates that the TD group remained serious throughout the course of the TS condition. The TD group’s score increased significantly from baseline to pre-exercise (t (13) = -4.66, p < 0.05) and decreased significantly from pre- to post-exercise (t (13) = 3.63, p < 0.05) in the PS condition. This indicates that the TD group changed from a serious to a playful state following 10 min of manipulation and reversed back to a serious state on completion of the leg exercise (baseline mean = 2.64, pre- mean = 3.86, post- mean = 2.64). The PD group’s score decreased significantly from baseline to pre-exercise (t (11) = 3.56, p < 0.05) and baseline to post-exercise (t (11) = 2.87, p < 0.05) in the TS condition (baseline mean = 4.08, pre- mean = 2.83, post- mean = 3.08) indicating that the PD group changed from a playful state to a serious state after 10 min of manipulation and remained serious after the leg exercise.




For the felt arousal rating for the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.52) but no state main effect (partial ŋ² =0.11) or state * time interaction (partial ŋ² =0.15; Table 4.3). A t-test showed significant increases from baseline to post-exercise (t (27) = -4.07, p < 0.000) and from pre- to post-exercise (t (27) = -5.88, p < 0.00; baseline mean = 2.89, pre- mean = 2.68, post- mean = 4.14). Like the TD group, for the PD group, there was a time main effect with a moderate effect size (partial ŋ² =0.42) but no state main effect (partial ŋ² =0.15) or state * time interaction (partial ŋ² =0.14; Table 4.3). A t-test showed significant increases from baseline to post-exercise (t (23) = -2.72, p < 0.012) and from pre- to post-exercise (t (23) = -4.16, p < 0.00; baseline mean = 2.63, pre- mean = 2.38, post- mean = 3.17).
For the preferred arousal rating, no significant effects were identified for both TD (state: partial ŋ² = 0.06, time: partial ŋ² = 0.08, state * time: partial ŋ² = 0.01) and PD groups (state: partial ŋ² = 0.02, time: partial ŋ² = 0.19, state * time: partial ŋ² = 0.09; Table 4.3). 

4.3.6 Emotion and Stress Response

For the TD group, MANOVA revealed that there was a significant effect of state (TS and PS conditions) on the combined dependent variable of TESI pleasant items (relaxation and excitement; Wilk’s Lambda = 0.50; partial ŋ² = 0.51; Table 4.9). There was also a significant effect of time (baseline, pre- and post-exercise) on the combined dependent variable of TESI pleasant items (Wilk’s Lambda = 0.29; partial ŋ² = 0.71) but no state * time interaction (Wilk’s Lambda = 0.62; partial ŋ² = 0.38; Table 4.9). For the TESI unpleasant items (anxiety and boredom), MANOVA revealed that there was a significant effect of time (Wilk’s Lambda = 0.26; partial ŋ² = 0.74; Table 4.9) but no significant effect of state (TS and PS conditions; Wilk’s Lambda = 0.68; partial ŋ² = 0.32) and a state * time interaction (Wilk’s Lambda = 0.45; partial ŋ² = 0.55). No main effects or interactions on the combined dependent variable of TESI stress items were observed (external and internal tension stress and external and internal effort stress; state: Wilk’s Lambda = 0.65; partial ŋ² = 0.35, time: Wilk’s Lambda = 0.26; partial ŋ² = 0.74, state * time: Wilk’s Lambda = 0.24; partial ŋ² = 0.76; Table 4.9).
For the PD group, MANOVA revealed that there was a significant effect of time on the combined dependent variables of TESI pleasant items (Wilk’s Lambda = 0.31; partial ŋ² = 0.69) but no significant effect of state (TS and PS conditions; Wilk’s Lambda = 0.56; partial ŋ² = 0.44) and a state * time interaction (Wilk’s Lambda = 0.43; partial ŋ² = 0.57; Table 4.9). For the TESI unpleasant items, there was a significant effect of state (Wilk’s Lambda = 0.26; partial ŋ² = 0.74; Table 4.9) and an interaction between state * time (Wilk’s Lambda = 0.34; partial ŋ² = 0.66) but no time effect (Wilk’s Lambda = 0.69; partial ŋ² = 0.17; Table 4.9). Like the TD group, MANOVA showed no effect or interaction on the combined dependent variable of TESI stress items (external and internal tension stress and external and internal effort stress; state: Wilk’s Lambda = 0.43; partial ŋ² = 0.57, time: Wilk’s Lambda = 0.18; partial ŋ² = 0.82, state * time: Wilk’s Lambda = 0.43; partial ŋ² = 0.57; Table 4.9).
Relaxation. For the relaxation scores for the TD group, there was a time main effect and a moderate effect size (partial ŋ² = 0.36) but no state main effect (partial ŋ² = 0.02) or state * time interaction (partial ŋ² = 0.03; Table 4.11). A t-test showed significant decreases from baseline to post-exercise (t (27) = 3.38, p < 0.02) and from pre- to post-exercise (t (27) = 4.53, p < 0.00; baseline mean = 4.07, pre- mean = 4.29, post- mean = 2.79; Figure 4.4). 








Figure 4.5: Relaxation ratings of the paratelic dominance group in telic and paratelic state manipulation conditions. Error bars denote SD.

Anxiety. For the anxiety scores for the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.30) but no state main effect (partial ŋ² =0) or state * time interaction (partial ŋ² =0.06; Table 4.11). A t-test showed a significant decrease from baseline to pre-exercise (t (27) = 3.42, p < 0.002) and a significant increase from pre- to post-exercise (t (-3.47, p < 0.002; baseline mean = 2.50, pre- mean = 1.64, post- mean = 2.43). No significant effects were identified for the PD group (state: partial ŋ² =0.03, time: partial ŋ² =0.02, state * time:  partial ŋ² =0.08; Table 4.11).
Excitement. For the excitement scores for the TD group, there was a state main effect and a moderate effect size (partial ŋ² = 0.49) but no time main effect (partial ŋ² = 0.16) or state * time interaction (partial ŋ² = 0.12; Table 4.11). A t-test showed significantly higher scores in the PS condition than in the TS condition (t (41) = -3.82, p < 0.00; TS mean = 2.40, PS mean = 3.24). For the PD group, there was a state main effect and a moderate effect size (partial ŋ² = 0.42) but no time main effect (partial ŋ² = 0.08) or state * time interaction (partial ŋ² = 0.27; Table 4.11). A t-test showed significantly higher scores in the PS condition than in the TS condition (t (35) = -3.57, p < 0.001; TS mean = 2.58, PS mean = 3.25).
Boredom. For the TD group, there was a state * time interaction and a moderate effect size (partial ŋ² = 0.32) but no state (partial ŋ² = 0.32) or time main effects (partial ŋ² = 0.18; Table 4.11). For the PD group, there was a state main effect and a strong effect size (partial ŋ² = 0.70) and a state * time interaction and a moderate effect size (partial ŋ² = 0.48) but no time main effect (partial ŋ² = 0.26; Table 4.11).  A t-test showed significantly higher scores in the TS condition than in the PS condition (t (35) = 3.54, p < 0.001; TS mean = 2.58, PS mean = 1.61; Figure 4.7).








Figure 4.7: Boredom ratings of the paratelic group in telic and paratelic state conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre. ▲Significant difference between baseline and pre in the TS condition. ◊Significant difference between pre and post in the TS condition. †Significant difference between baseline and pre in the PS condition (p < 0.05).

Stress. For external tension stress scores, in the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.35) but no state main effect (partial ŋ² =0.11) or a state * time interaction (partial ŋ² =0.28; Table 4.11). A t-test showed significant increases from baseline to post-exercise (t (27) = -2.84, p < 0.009) and from pre- to post-exercise (t (27) = -4.14, p < 0.00; baseline mean = 3.00, pre- mean = 2.64, post- mean = 3.61). For the PD group, there was a state main effect and a strong effect size (partial ŋ² = 0.51) but no time effect (partial ŋ² = 0.38) or state * time interaction (partial ŋ² = 0.08; Table 4.11). A t-test showed significantly higher scores in the TS condition than in the PS condition (t (35) = 3.21, p < 0.003; TS mean = 2.33, PS mean = 1.94).
For internal tension stress scores in the TD group, there was a time main effect with a moderate effect size (partial ŋ² =0.46) but no state main effect (partial ŋ² =0) or state * time interaction (partial ŋ² =0.01; Table 4.11). A t-test showed significant increases from baseline to post-exercise (t (27) = -4.24, p < 0.00) and from pre- to post-exercise (t (27) = -4.99, p < 0.00; baseline mean = 2.82, pre- mean = 2.61, post- mean = 3.61). For the PD group, there was a time main effect and a strong effect size (partial ŋ² = 0.51) but no state effect (partial ŋ² = 0.31) or state * time interaction (partial ŋ² = 0.11; Table 4.11). A t-test showed significant increases from baseline to post-exercise (t (23) = -3.11, p < 0.005) and from pre- to post-exercise (t (23) = -5.41, p < 0.00; baseline mean = 1.92, pre- mean = 1.67, post- mean = 2.58).
For external effort stress, no significant effects were identified for both TD (state: partial ŋ² =0.02, time: partial ŋ² =0.28, state * time:  partial ŋ² =0.10) and PD groups (state: partial ŋ² =0.33, time: partial ŋ² =0.33, state * time:  partial ŋ² =0.03; Table 4.11).
For internal effort stress scores in the TD group, there was a time main effect and a moderate effect size (partial ŋ² = 0.30) but no state main effect (partial ŋ² = 0.03) or state * time interaction (partial ŋ² = 0.13; Table 4.11). A t-test showed significant increases from baseline to post-exercise (t (27) = -2.67, p < 0.013) and from pre- to post-exercise (t (27) = -3.96, p < 0.00; baseline mean = 3.07, pre- mean = 2.68, post- mean = 3.96). Like the TD group, for the PD group, there was a time main effect and a moderate effect size (partial ŋ² = 0.46) but no state main effect (partial ŋ² = 0.22) or state * time interaction (partial ŋ² = 0.05; Table 4.11). A t-test showed significant increases from baseline to post-exercise (t (23) = -3.56, p < 0.002) and from pre- to post-exercise (t (23) = -4.08, p < 0.00; baseline mean = 1.79, pre- mean = 1.63, post- mean = 2.54).
6.3.7 Summary of Emotion and Stress Responses.

TD group. In both conditions, relaxation decreased significantly from baseline to post-exercise. State manipulations caused the TD group to be less anxious, but exercise increased anxiety significantly observed at post-exercise. Excitement decreased at pre-exercise in the TS condition, but exercise caused an increase in excitement in the TS condition but remained unchanged in the PS condition. However, they were significantly more excitemed in the PS condition than the TS condition. The TD group was significantly less bored at pre-exercise and remained at same level in the PS condition and was less bored at post-exercise in the TS condition. Three stress variables (excluding external effort stress) indicated that TDs were more stressed after exercise in both conditions.





There was a state * dominance interaction for the mean power of the 100 repetitions (F (1, 24) = 6.055, p < 0.05; Table 4.12). There were no statistically significant differences in mean power between the telic and the paratelic state manipulation in either group. However, the PD group produced a higher mean power during the paratelic state manipulation, 34.75  19.65 W compared to 28.30  20.05 W during the telic state manipulation, a 22.8% difference. The TD group demonstrated higher mean power during the TS, 44.15  20.72 W compared to 41.55  24.15 W during the paratelic state manipulation, a difference of 6.2% (Table 4.13). 

Table 4.12: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and dominance (TD, PD) for mean power of the 100 repetitions; *p < 0.05.

Mean power (W)	 
state	state * dominance
F - ratio	F - ratio











Table 4.13: Mean power for telic and paratelic dominance groups in telic and paratelic state conditions.

			Telic dominance group	

















Table 4.14: EMG activity for right rectus femoris for telic dominance and paratelic dominance groups in the telic and paratelic state conditions (TD, N = 14; PD, N = 10).

			RMS (mV)											
　	 	　	Baseline	Rep. 1-10	Rep. 11-20	Rep. 21-30	Rep. 31-40	Rep. 41-50	Rep. 51-60	Rep. 61-70	Rep. 71-80	Rep. 81-90	Rep. 91-100	Post-
Telic dominance group	Telic state manipulation	Mean	0.11 	0.14 	0.15 	0.15 	0.15 	0.16 	0.16 	0.16 	0.16 	0.17 	0.17 	0.11 

		SD	0.02 	0.03 	0.03 	0.04 	0.04 	0.04 	0.04 	0.05 	0.05 	0.06 	0.08 	0.02 
	Paratelic state manipulation	Mean	0.11 	0.15 	0.15 	0.15 	0.15 	0.16 	0.16 	0.16 	0.16 	0.16 	0.17 	0.11 
		SD	0.02 	0.06 	0.05 	0.05 	0.06 	0.06 	0.07 	0.07 	0.07 	0.07 	0.07 	0.02 
Paratelic dominance group	Telic state manipulation	Mean	0.11 	0.13 	0.13 	0.13 	0.13 	0.13 	0.13 	0.13 	0.13 	0.13 	0.14 	0.11 
		SD	0.02 	0.03 	0.03 	0.03 	0.03 	0.03 	0.02 	0.03 	0.03 	0.03 	0.03 	0.02 
	Paratelic state manipulation	Mean	0.11 	0.13 	0.14 	0.14 	0.14 	0.14 	0.14 	0.14 	0.14 	0.14 	0.14 	0.11 






Table 4.15: EMG activity for right biceps femoris for telic dominance and paratelic dominance groups in the telic and paratelic state conditions (TD, N = 13; PD, N = 7).

			RMS (mV)											
　	 	　	Baseline	Rep. 1-10	Rep. 11-20	Rep. 21-30	Rep. 31-40	Rep. 41-50	Rep. 51-60	Rep. 61-70	Rep. 71-80	Rep. 81-90	Rep. 91-100	Post-
Telic dominance group	Telic state manipulation	Mean	0.01 	0.04 	0.04 	0.05 	0.05 	0.04 	0.04 	0.04 	0.04 	0.05 	0.05 	0.01 
		SD	0.00 	0.04 	0.04 	0.04 	0.04 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.01 
	Paratelic state manipulation	Mean	0.01 	0.05 	0.05 	0.05 	0.05 	0.05 	0.05 	0.06 	0.05 	0.05 	0.06 	0.01 
		SD	0.01 	0.03 	0.05 	0.04 	0.04 	0.03 	0.03 	0.04 	0.04 	0.04 	0.04 	0.00 
Paratelic dominance group	Telic state manipulation	Mean	0.01 	0.03 	0.04 	0.04 	0.04 	0.05 	0.05 	0.06 	0.07 	0.06 	0.06 	0.01 
		SD	0.00 	0.02 	0.02 	0.03 	0.02 	0.02 	0.03 	0.04 	0.04 	0.04 	0.03 	0.01 
	Paratelic state manipulation	Mean	0.01 	0.04 	0.05 	0.06 	0.06 	0.05 	0.06 	0.06 	0.06 	0.06 	0.06 	0.01 






Table 4.16: EMG activity for left rectus femoris for telic dominance and paratelic dominance groups in the telic and paratelic state conditions (TD, N = 13; PD, N = 10).

			RMS (mV)											
　	 	　	Baseline	Rep. 1-10	Rep. 11-20	Rep. 21-30	Rep. 31-40	Rep. 41-50	Rep. 51-60	Rep. 61-70	Rep. 71-80	Rep. 81-90	Rep. 91-100	Post-
Telic dominance group	Telic state manipulation	Mean	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 
		SD	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 
	Paratelic state manipulation	Mean	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 
		SD	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 
Paratelic dominance group	Telic state manipulation	Mean	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 
		SD	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 
	Paratelic state manipulation	Mean	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 






Table 4.17: EMG activity for left biceps femoris for telic dominance and paratelic dominance groups in the telic and paratelic state conditions (TD, N = 14; PD, N = 10).

			RMS (mV)											
　	 	　	Baseline	Rep. 1-10	Rep. 11-20	Rep. 21-30	Rep. 31-40	Rep. 41-50	Rep. 51-60	Rep. 61-70	Rep. 71-80	Rep. 81-90	Rep. 91-100	Post-
Telic dominance group	Telic state manipulation	Mean	0.03 	0.03 	0.04 	0.04 	0.04 	0.04 	0.05 	0.05 	0.05 	0.05 	0.05 	0.03 

		SD	0.01 	0.01 	0.02 	0.02 	0.02 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.01 
	Paratelic state manipulation	Mean	0.03 	0.04 	0.04 	0.04 	0.04 	0.04 	0.04 	0.04 	0.05 	0.05 	0.06 	0.03 
		SD	0.00 	0.01 	0.02 	0.02 	0.02 	0.02 	0.02 	0.02 	0.03 	0.03 	0.04 	0.01 
Paratelic dominance group	Telic state manipulation	Mean	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 	0.03 
		SD	0.00 	0.00 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 	0.01 
	Paratelic state manipulation	Mean	0.03 	0.03 	0.03 	0.03 	0.03 	0.04 	0.04 	0.04 	0.04 	0.04 	0.05 	0.03 






Table 4.18: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and time (beaseline, pre- and post-exercise) for mean EMG; * p < 0.05.

	Telic dominance group				Paratelic dominance group		
EMG 	state	time	state*time	　	state	time	state*time
	F - ratio	F - ratio	F - ratio		F - ratio	F - ratio	F - ratio
Right rectus femoris	(df = 1, 13)	(df = 11, 143)	(df = 11, 143)	　	(df = 1, 9)	(df = 11, 99)	(df = 11, 99)
　	0.02	9.54*	0.85	　	0.49	15.83*	0.26
							
Right biceps femoris	(df = 1, 12)	(df = 11, 132)	(df = 11, 132)		(df = 1, 6)	(df = 11, 66)	(df = 11, 66)
 	2.34	13.67*	0.61		0.41	11.80*	0.53
							
Left rectus femoris	(df = 1, 12)	(df = 11, 132)	(df = 11, 132)		(df = 1, 9)	(df = 11, 99)	(df = 11, 99)
	0.75	0.67	0.73		1.48	0.91	0.58
							






Sample size calculation for future psychological research incorporating biological measure was conducted. Mean and SD of EMG value for left biceps femoris (Table 4.18) for TD and PD groups were used to calculate sample size, with α error level of 5% and β error level of 50%. Results indicated that for both groups, a sample size of 6 is appropriate for similar future studies.

4.3.9.1 EMG Activity – Active Muscle






Figure 4.8: EMG values for right rectus femoris (active) muscle in blocks: 1 (pre-exercise), 2 (repetition 1-10), 3 (11-20), 4 (21-30), 5 (31-40), 6 (41-50), 7 (51-60), 8 (61-70), 9 (71-80), 10 (81-90), 11 (91-100) and 12 (post-exercise) for telic (TD) and paratelic (PD) dominance groups in the telic (TS) and paratelic (PS) state conditions (TD; TS = ♦, TD; PS = ■, PD; TS = ▲, PD; PS = ●). 

4.3.8.2 EMG Gradient – Passive Muscle













Table 4.19: Summary of F ratios for three-way repeated measures ANOVA on state (TS/PS), time (baseline, pre- and post-exercise) and dominance (TD, PD) for mean HR. *p < 0.05.

Effect 	F - ratio	df
dominance	0.78	1, 24
state	0.04	1, 24
state * dominance	0.02	1, 24
time	54.19*	2, 48
time * dominance	2.16	2, 48
state * time	0.11	2, 48
state * time * dominance	0.33	2, 48

4.3.11 Between groups analysis



















The main purpose of this study was to examine the affective, physiological and performance responses of TD and PD individuals when performing endurance exercise in different metamotivational states (telic and paratelic). The study employed Svebak’s proposed triangular relationship between sport preference, personality and physiological characteristics as its underpinning framework. HR and EMG were used as physiological markers and 100 repetition isokinetic leg exercise was employed as the performance marker. 
The hypotheses for the present study were: 1.) TD subjects prefer individual, endurance activities, while PD subjects prefer team and explosive activities, 2.) during endurance exercise, TD subjects will experience less stress and report more positive emotions than PD subjects in the telic state and vice versa for PD subjects, 3.) TD subjects will produce significantly higher mean power (performance marker) than PD subjects, 4.) PD subjects will produce significantly higher mean power in the paratelic than in the telic state and vice versa for the TD subjects, and 5.) TD subjectswill have a slower HR than the PD group, and EMG gradients will be evident in the telic and not in the paratelic state for both TD and PD subjects.
For hypothesis one, results showed that 64.3% of the TD group preferred telic activities, and 66.7% of the PD group preferred paratelic activities. Compared to results from Study 1, exercise preferences reported here are less marked. However, more subjects preferred activities which match with their metamotivational dominance than with the opposite dominance, as in previous studies (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989). As in Study 1, results support the match between sport and exercise preference and metamotivational dominance part of Svebak’s proposed triangular relationship in non-elite athletes.
Hypothesis two, concerning emotional responses, was not fully supported as some emotions demonstrated a state by time interaction or state main effect (excitement for both TD and PD groups and boredom for the PD group) but others showed a time main effect (relaxation for both TD and PD groups and anxiety for the TD group). For anxiety, the TD group showed a significant time main effect, where a significant decrease from baseline to pre-exercise and a significant increase from pre- to post-exercise were observed regardless of state. This shows that the TD group was less anxious after 10 min of video manipulation but was more anxious post-exercise thus exercise is likely to have caused this increase. The EMG gradients observed in TDs can be viewed as a physiological response to this increased anxiety. Thus, whilst the expected interaction between dominance and state was not observed, dominance did appear to influence anxiety response during endurance exercise. However, this is in the opposite direction to that which would be expected due to TDs’ preference for endurance activities. An increase in anxiety, which is an unpleasant emotion, observed in TDs may have resulted from the testing situation, which is in line with previous reversal theory research. According to Dobbin and Martin (1988), higher cortisol, which is associated with stress and unpleasant emotions, was observed when there was an unresolved life problem among TD individuals. In the present study, testing situation could have been perceived as a short term “problem” for the TDs.
Excitement and boredom may however have been affected by the state manipulations. Both groups were significantly less excited and more bored in the TS condition than in the PS condition after the manipulation (pre-exercise). The PD group showed a significant state main effect reporting more boredom in the telic than the paratelic state. A state by time interaction was also observed in both TD and PD groups. Changes in boredom were similar for both groups, with more boredom reported at pre-exercise in the TS than the PS state. In the TS, both groups decreased in boredom following exercise and following the state manipulation in the PS. However, only the PD group reported increased boredom in the TS following the state manipulation. Similar to Study 1, these results are in line with findings by Kerr et al. (2006). 
External tension stress in the PD group was significantly higher in the TS than in the PS condition. When dominance needs are not met by the experienced state, the result will be more stress (Apter, 1989; i.e., PDs not in the paratelic state in this case). The remaining stress measures did not differ between conditions. Internal tension and effort stress in both groups and external tension stress in the TD group showed no change from baseline to pre-exercise, but at post-exercise, these stress levels increased significantly for both groups and in both conditions. Exercise was possibly the cause of this increase in stress, although as stress increased from baseline to post-exercise. It is not possible separate the effects of the manipulation from those of exercise as this period included both state manipulation and the exercise protocol. However, the increases in stress post-exercise match findings produced by Kerr and Svebak (1994), indicating that exercise is the mosy likely cause of this increase in stress level. Future studies could attempt to delineate the effects of state manipulation and exercise on stress simply by including a measure of stress post manipulation.
Similar to Study 1, subjects’ serious minded-playful orientation was successfully manipulated, but the TD group remained in a planning orientation throughout the course of the experiment in both the telic and the paratelic state conditions, while the PD group remained in a spontaneous orientation. If the psychological underpinning to the EMG gradient is in fact a planning orientation (or a mixture of a planning and a serious minded orientation), there is a need for future research where planning-spontaneous orientation is also manipulated. Significant increases in felt arousal over time were observed in both TD and PD groups, and again these can be attributed to the exercise rather than a reversal in state. 
Hypothesis three was not supported as there was no significant difference in performance between dominance groups. However, in the telic and paratelic states combined, the TD group performed almost 10 W higher than the PD group as was anticipated. If the TD group has predominantly slow twitch muscle fibres and the PD group has predominantly fast twitch muscle fibres, as Svebak (1999) proposes, this provides a feasible explanation for this performance difference. Muscle biopsy from the gastrocnemius muscles has shown that subjects with a higher percentage of slow twitch muscle fibres demonstrate steeper EMG gradients than subjects with a lower percentage of slow twitch muscle fibre (Svebak et al., 1993). When looking at facial muscles, a study by Waterink and Van Boxtel (1994) observed EMG gradients in the frontalis muscle, where there was a high percentage of slow twitch muscle fibres (64%). In contrast EMG gradients were not observed in the obicularis oculi muscle, where there was a lower percentage of slow twitch muscle fibres (15%). Svebak’s (1999) triangular relationship suggests that there is a high probability that the TD group has predominantly slow twitch muscle fibres and the PD group has predominantly fast twitch muscle fibres. This is supported by the EMG data, i.e., gradient differences between the two groups, however, current results do not conclusively support this suggestion as fibre composition was not directly measured. An alternative explanation is that as the TD subjects generally preferred endurance (telic) activities and the PD subjects preferred explosive (paratelic) activities, the TD subjects were more accustomed to performing endurance exercise and therefore performed better on the current task.
Another purpose of this study was to investigate whether non athletes’ performance during endurance leg exercise is related to specific motivational dispositions and states as identified within reversal theory. Hypothesis four stated that the TD group would be able to generate significantly higher mean power in the telic state while the PD group would be able to generate significantly higher mean power in the paratelic state. However, while both groups did perform better in their preferred state there were no significant differences in performance between the two state conditions for either the TD or the PD group. Although there were no significant differences between performances in different states, the TD group’s mean power was 6.2% higher in the TS than the PS condition, and, similar to Study 1, the PD group’s performance was better in the PS than in the TS condition (mean power was 22.8% higher). No previous study has compared endurance task performance between two dominance groups in two different state conditions. A study by Perkins et al. (2001) examined grip strength performance (explosive exercise) among telic dominant elite explosive athletes and results indicated that significantly greater grip strength was observed when subjects were in a paratelic than in a telic or neutral state. Even though the exercise protocol differed between this and the current study, the studies’ findings are in conflict. Past results in other reversal theory based studies where performance was measured (in archery and rock climbing) in relation to metamotivational state (Howard et al., 2002; Kerr et al., 1997) indicated that better performance in explosive, risky activities (i.e., paratelic activities) results from the paratelic state, while better performance in endurance activities (telic activities) results from the telic state. Thus optimal performance was observed when preferred state and activities were matching (i.e., the paratelic state for the explosive or high risk activities and the telic state for the endurance or low risk activities). Therefore there is a need for future research to examine whether individuals are capable of performing better in their preferred state or if the exercise activity determines the state in which individuals are capable of better performance.
Contrary to hypothesis five, EMG gradients were observed in both states in the TD group, while no EMG gradients were observed in the PD group. An increase in passive muscle EMG activity was seen in the PD group in the paratelic state, however, unlike in the TD group, this occurred only in the beginning and latter repetitions rather than as a gradual increase over the duration of the exercise. This could be due to fatigue, as fatigue can cause increased EMG activity (Malmo & Malmo, 2000). 
Due to the observed EMG gradients in both states for the TD group, EMG activity in both states combined was compared between the TD and PD groups. The time by dominance effect showed that EMG gradients were evident only in the TD group. Unlike previous studies (Apter & Svebak, 1986; Rimehaug & Svebak, 1987) dominance determined EMG gradients, not state. A study by Apter and Svebak (1986) found that both dominance groups demonstrated steeper EMG gradients when subjects were in a telic state, although subjects were not manipulated into the telic and paratelic states as in the current study. However, as Rimehaug and Svebak (1987) proposed, examining planning-spontaneous scores could explain the EMG gradients observed here. Even though the TD group reversed from the serious to the playful state in the paratelic state manipulation, they remained in a planning orientation throughout the course of the exercise. The PD group, in contrast, reversed from the playful to the serious state in the telic state manipulation but remained in a spontaneous orientation throughout the course of the exercise. 
In addition to performance data and EMG, resting HR can give an insight into physiological differences in relation to metamotivational dominance. The TD group had a significantly lower resting HR than the PD group. Subjects’ exercise preferences showed that the majority of PD subjects preferred exercise activities which involve explosive movement (e.g., rugby), while more subjects from the TD group preferred endurance activities (e.g., running). Endurance activities such as jogging and rowing will result in decreases in sympathetic activity to explain this lower resting HR (Seely et al., 1974). Results from the HR data may be used to explain the differences in physiological components and/or training effect of preferred activities between TD and PD groups.
This study was the first to show that EMG gradients can be demonstrated in lower limb exercise. However, future research should observe EMG activity in the upper as well as the lower limb to see if EMG gradients are evident throughout the body’s musculature during exercise. This would give an indication as to whether personality related muscle tension is a local or an overall phenomenon.
Similarly to the Study 1, the present study examined all three aspects of Svebak’s triangular relationships (1999) all in the one experiment. The findings of this study support results from previous studies in that the planning orientation of telic dominants appears to be associated with EMG gradients. We can not attribute the EMG gradients to the telic state since being in the serious or playful state had no effect. This study therefore gives support for the triangular relationship between metamotivational dominance, sport preference and biological composition/physiological response proposed by Svebak. In addition, this study showed that EMG gradients are evident in the lower limb and provides a basis for future research. Relationships between metamotivational dominance and state were examined in relation to emotions, stress and exercise performance, but similar to Study 1, findings showed no clear evidence of individuals experiencing positive emotions, less stress and better performance in their preferred state.
Studies 1 and 2 examined simple explosive and endurance leg exercise. Exercise preference seems to match with metamotivational dominance as in previous studies (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989), and physiological responses seem to reflect metamotivational dominance (Apter & Svebak, 1992). However, like previous studies which have examined emotions and stress based on the triangular relationship proposed by Svebak (e.g., Kerr et al., 2006), there were mixed results. Some differences were revealed between emotional responses to the two different exercise modes used in these two studies. Whilst relaxation did not change during explosive exercise, all subjects became less relaxed following endurance exercise. In contrast, although all subjects increased their effort stress during explosive exercise, no changes were seen during endurance exercise. Some emotional responses varied in relation to dominance; TDs’ anxiety, external and internal tension stress increased during both types of exercise. In addition, stress appeared to vary in relation to dominance and exercise mode, for PDs, internal tension and effort stress all increased during endurance exercise. Although PDs’ boredom increased over time in the TS and decreased in the PS during explosive exercise, no such changes were observed in TDs. Some state differences also emerged from these studies and these were associated with different exercise types and dominance groups. During explosive exercise, PDs were more bored and less excited in the TS than the PS and became less excited over time in the TS. In contrast, during endurance exercise, both dominance groups were more bored and less excited in the TS than the PS. The PDs only increased in boredom following the state manipulation in the telic condition whereas all other time based changes were the same for both groups. Thus although these differences do not fully support the matching hypothesis between state, dominance and emotions, clearly most factors, and indeed exercise mode, have resulted in some differential emotional responses. Studies comparing responses in subjects who have completed both exercise modes would also be useful in future research. These studies did not fully support a link between state, dominance and performance, although trends were in expected directions. 
















The current research will address the following limitations of previous studies: examine whether there is a preference of sport/exercise activities among telic and paratelic dominant individuals as Svebak and Kerr (1989) proposed, examine whether TD and PD can perform better, feel less stress and show positive emotions in their preferred state, and whether HRV is related to emotions and stress in different metamotivational dominances/states.
Svebak’s triangular relationship (1999) between metamotivational dominance, exercise preference and biological composition/physiological responses was examined using simple leg exercise (explosive and endurance) in Studies 1 and 2. Results showed that TD individuals tend to favour telic activities, while PD individuals tend to favour paratelic activities. In addition, EMG gradients were observed in TD individuals but not in PD individuals. However, no significant differences in performance between TD and PD groups were observed in the endurance leg exercise (100 repetition isokinetic leg exercise) or in the explosive leg exercise (5 s isometric leg exercise).  To fully understand the relationship between dominance, exercise preference and physiological responses there is a need to examine more complex movements that are more directly applied to sports performance. 
Numerous studies have examined relationships between personality and emotions and HRV (e.g., Carpeggiani et al., 2005; Iwanaga et al., 2005; Sakuragi et al., 2002; Sakuragi & Sugiyama, 2005). Although research has investigated the relationships between metamotivational dominance, states and physiological responses (Apter & Svebak, 1986; Braathen & Svebak, 1990; Dobbin & Martin, 1988; Gerkovich et al., 1998), HRV has never been included as a physiological response marker within these studies. Mental stress and negative emotional states such as depression, accompanied by ANS disturbances, can be detected via alteration in HRV (Schwarz et al., 2003). Thus the inclusion of HRV in an examination of Svebak’s triangular relationship may add to our understanding of this phenomenon. Study 3 will examine Svebak’s triangular relationship in relation to explosive power using a 30 s Wingate test as a performance marker. To further examine the biological composition/physiological responses among telic and paratelic dominants, the study will measure HRV as a physiological marker, which has not previously been considered in reversal theory framed research. As in Studies 1 and 2, the present study will examined the affective, physiological and performance responses of TD and PD individuals when performing explosive exercise in different metamotivational states (telic and paratelic).  The present study will be the first to examine HRV within this context, and more specifically, in relation to exercise performance.



























Subjects were recruited from an undergraduate Sport and Exercise Science programme students studying at University of Wales, Aberystwyth and from the wider university population via email and verbal approach (see appendix M). The initial subject pool included 232 subjects (age = 21.0 ± 5.3 years; range = 18-65 years). Subjects signed informed consent forms, completed the PDS and provided demographic information (see appendices B & E). After collecting data from 232 subjects, study subjects were purposely sampled, based on their PDS scores, from this pool of potential subjects. The average PDS score was 15.66 ± 5.75 (see appendix D). Subjects who scored higher than one standard deviation above the mean (21.42) were classified into the PD group, while subjects who scored lower than one standard deviation below the mean (9.91) were classified into the TD group. This method has been used in previous research (Gerkovich et al., 1998).  
Nine TD (PDS scores = 5.78 ± 3.11) and 9 PD (PDS scores = 23.44 ± 0.98) subjects participated in the study. There were 5 male and 4 female subjects in the TD group (mean age = 23.3 ± 4.5 years; range = 18-31 years), and mean exercise frequency of 3.7 ± 1.4 times per week. There were 5 male and 4 female subjects in the PD group (mean age = 21.8 ± 6.2 years; range = 18-38 years), with a mean exercise frequency of 3.9 ± 2.22 times per week. All subject descriptive characteristics are presented in Table 5.1. 
















During the familiarisation visit subjects’ stature (wall-mounted Stadiometer, Holtain Ltd, Crymych, UK)  and body mass (Seca 645, Seca gmb & co, Hamburg, Germany) were recorded before being seated comfortably on the bicycle ergometer (Lode BV, Groningen, The Netherlands), where saddle height and handle bar height and distance from the subject were also recorded.
Once the seating was adjusted and following warm-up, subjects were instructed on the procedure of the 30 s all-out Wingate anaerobic test. They were instructed to remain on the seat throughout the test. Subjects pedalled (at a self-selected cadence) without load for 2 min, with the experimenter counting down the time and informing subjects of time to test at 1 min, 30 s and 15 s prior to the Wingate test. As the experimenter counted down from 5 s, subjects were instructed to pedal up to 110 rpm. At 1 s, the predetermined load (see below) was applied to the ergometer. Subjects pedalled with all-out effort for 30 s. The experimenter remained silent and did not notify subjects about time remaining during the Wingate test. During the familiarisation trials no state manipulation was administered. A recovery cool down period followed where subjects pedalled (at a self-selected cadence) with no resistance or up to 25 W for 5 min. The subjects completed this procedure on two separate occasions to fully familiarise with the Wingate test.    
Unlike the typical Wingate test, where flywheel resistance equals 0.075 kg per kg body mass, flywheel resistance was determined according to sex. Percentile norms for physically active subjects identified by Maud and Schultz (1989) were used to estimate mean peak power. Thus for the male subjects, LF was set for 0.069, and for the female subjects, LF was set for 0.049. These values were determined based on the assumption that when subjects pedal at 120 rpm, peak power for male subjects would approximate 700-1000 W, while peak power for female subjects would approximate 400-700 W.
The predetermined load was calculated using a linear mode and the following equation: 
LF = P/rpm²
P = LF * rpm²




On arrival at the laboratory Ag/AgCl electrodes for ECG measurements were attached to the subject. Electromyographic activity was recorded via bioamp and PowerLab 4/25 (Model 845, ADInstruments, Castle Hill, Australia) with the ECG signal sampled at 1000 Hz. Subjects were instructed to sit on a chair in front of a 1.3 m  1.5 m screen, and completed the TSM and the TESI. Baseline ECG was measured for 5 min whilst the video manipulation was administered. The video manipulation was administered as in Studies 1 and 2.
Subjects then warmed up on the bicycle ergometer for 5 min during which they continued to watch the video. They then completed a second TSM, which was used as a state manipulation check, the TESI; these constituted pre-exercise measures. 
Subjects then performed a Wingate test to determine anaerobic peak power, during which they continued to watch the video. Therefore, unlike a typical Wingate test, there was no verbal encouragement from the experimenter. On completion of the Wingate test subjects completed the TSM and the TESI (post-exercise measures).
After 5 min of cooling down on a bicycle ergometer with 0 – 25 W, subjects returned to the chair and rested for 10 min. ECG data were collected for the last 5 min of this resting period, after which subjects completed the TSM and the TESI (15 min post- exercise measures; Figure 5.1).






Raw ECG data were edited and HRV analyses were performed using HRV Module for Chart v1 for Windows (ADInstruments, Castle Hill, Australia). QRS complexes were identified as follows: normal, ectopic or artefact. A configurable R wave threshold detector identified every heart beat automatically. Normal-to-normal RR intervals were calculated for HRV. Ectopic beats were replaced using linear interpolation of the previous and succeeding normal intervals for the analysis. For the time domain analysis, the mean NN interval, RMSDD and pNN50 were computed. The nonparametric method, Spectrum of intervals, where RR intervals are re-sampled and interpolated at intervals equal to the average period, was used to determine the frequency domain (Leicht, Sinclair, & Spinks, 2008). The Fast Fourier Transform of 1024 point to overlapping segments of the resampled RR data with a Hanning window for minimal spectral leakage was applied to calculate each power spectrum, which was computed for 5 min. For the frequency domain analysis, the data were quantified into the power spectral density of the VLF, LF and HF.  
Two-way repeated measures ANOVA (state * time) was applied to the TESI and TSM items for each dominance group separately. For TESI and TSM items, state had two levels (telic, paratelic) and time had four levels (baseline, pre-exercise, post-, 15 min post-exercise). 
Three-way repeated measures ANOVA (dominance * state * time) was applied to the HRV and performance measures. HRV data were used to examine changes in SNS and PNS in both conditions for both groups. Dominance (TD/PD) and state (telic/paratelic) had two levels, and time (baseline, pre- and post-exercise) had three levels. 
A three-way repeated measures ANOVA (state * dominance * time) was applied to the peak power (W), relative peak power (W/kg) and anaerobic fatigue (%) to examine performance differences between groups and between conditions. There were two levels for state (telic, paratelic) and dominance (TD, PD). 
For all dependent variables (i.e., TSM, TESI, HRV variables, the peak power (W), relative peak power (W/kg) and anaerobic fatigue (%) with significant interactions were followed up as described in Studies 1 and 2.

5.3 Results
5.3.1 Biological and PDS Data

Descriptive characteristics are reported in Table 5.1. There were no significant differences between TD and PD groups for age, mass, height and exercise amount per week. The PD group scored significantly higher than the TD group on total PDS score (t (9.58) = -16.23, p < 0.05) as well as its sub-items: playfulness (t (12.50) = -11.37, p < 0.05), spontaneous (t (15.27) = -7.20, p < 0.05) and arousal avoiding (t (10.90) = -6.00, p < 0.05). 

Table 5.1: Subject characteristics and Paratelic Dominance Scale (PDS) data for telic dominance and paratelic dominance groups; * p < 0.05.























Running was the most favoured exercise for the TD group, cited by three subjects, with two subjects preferring badminton and one preferring each of cycling, karate, rowing and football with cycling, karate and rowing considered telic activities. Climbing and football were the most favoured exercise for the PD group, cited by two subjects. Dance, hockey, rugby, surfing and underwater hockey were each identified by one subject, all of which are all paratelic activities (see Table 5.2).

Table 5.2: Preferred exercise activities for telic and paratelic dominance subjects; numbers in parentheses indicate the number of subjects who cited this activity.











5.3.3 Test of assumptions for TSM and TESI data

Test assumptions were examined to determine whether each data set met the assumptions required to run ANOVA. Homogeneity of variance-covariance matrices were not needed as these are within subjects data. MANOVA was not used in this study, as the number of cases in each cell (9 for TD and 9 for PD) is less than the number of dependent variables (12 in total from the TSM and the TESI).
 
The percentage of dependent variables that are not normally distributed was calculated by examining the amount of dependent variables that demonstrated any skewness or kurtosis (Z scores ± 2.0). The majority of variables were normally distributed (TD: 91.7% for kurtosis, 85.4% for skewness; PD: 88.5% for kurtosis, 84.4% for skewness; appendix N & O). 
For the HRV analysis, which used a three way ANOVA, Mauchly’s test of Sphericity was examined to determine significance. If not significant, Sphericity was assumed, and if significant, the Greenhouse-Geisser statistic was used.
Effect size for ANOVA is presented in partial eta squared (ŋ²). To interpret the strength of effect size, the following guidelines were used (Muijs, 2004):
•	0.1 – 0.3 = weak effect;
•	0.3 – 0.5 = moderate effect; and













Table 5.3: TSM scores for telic and paratelic dominance groups at baseline (base), pre- and post-exercise in the telic and paratelic state conditions.

Telic dominance group	　	　	　	　	　	　	　	　	　	　	　	　	　	　	　	　
	Telic state manipulation	　	　	　	　	　	　	　	Paratelic state manipulation	　	　	　	　	　	　	　







	Telic state manipulation	　	　	　	　	　	　	　	Paratelic state manipulation	　	　	　	　	　	　	　











Table 5.4: TESI scores for telic and paratelic dominance groups at baseline (base), pre- and post-exercise in the telic and paratelic state conditions.
Telic dominance group	　	　	　	　	　	　	　	　	　	　	　	　	　	　	　	　
	Telic state manipulation	　	　	　	　	　	　	　	Paratelic state manipulation	　	　	　	　	　	　	　







Internal tension stress 	2	0.87	2.44	1.01	4.44	1.51	2.67	1.22	2.44	1.42	2.44	1.13	5	1.22	2.78	1.3
External effort stress 	2.33	1.41	2.56	1.67	3.78	1.39	2	1	2.44	1.81	2.33	1.41	3.78	1.56	2	1.41
Internal effort stress 	2.22	1.39	2.33	1.22	4.78	1.64	2.44	1.24	2	1.32	2.33	1.41	4.56	1.42	2.44	1.51
Paratelic dominance group																
	Telic state manipulation	　	　	　	　	　	　	　	Paratelic state manipulation	　	　	　	　	　	　	　






External tension stress 	2.11	1.36	3	1.41	4.11	1.45	1.56	0.88	2.11	1.17	2.11	0.78	3.78	1.39	1.56	0.73
Internal tension stress 	2.56	1.88	3	1.66	5.33	1.5	2.44	1.13	2.11	1.45	2.33	1.12	5	1.41	2.22	1.2
External effort stress 	1.78	0.83	3	1.73	3.78	1.72	1.78	1.09	1.67	0.71	2.33	1.32	3	1.32	1.89	0.93





Table 5.5: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and time (baseline, pre-, post- and 15 min post-exercise) for TSM items for telic and paratelic dominance groups; * p < 0.05.

	Telic dominance group			Paratelic dominance group		
Variable 	state	time	state * time	state	time	state * time
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio










Table 5.6: Summary of F ratios for two-way repeated measures ANOVA on state (TS/PS) and time (baseline, pre-, post- and 15 min post-exercise) for TESI items for telic and paratelic dominance groups; * p < 0.05.

	Telic dominance group			Paratelic dominance group		
Variable 	state	time	state * time	state	time	state * time
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio














5.3.5 Metamotivational State and Arousal
5.3.5.1 Effect of Manipulation and Exercise on Metamotivational State





Figure 5.2: Serious-playful ratings of the telic dominance group in telic and paratelic state conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre and post (p < 0.05).


For the PD group, there was a time main effect and a moderate effect size (partial η² = 0.49) and a state*time interaction and a strong effect size (partial η² = 0.63) but no state effect (partial η² = 0.26; Table 5.5). T-tests showed significant decreases in playful scores from baseline to post-exercise (t (17) = 5.30, p < 0.00) and from pre- to post-exercise (t (17) = 2.20, p < 0.042) and a significant increase from post- to 15 min post-exercise (t (17) = -3.99, p < 0.001; baseline mean = 4.33, pre-mean = 3.72, post-mean = 2.83, 15 min post-mean = 3.94). Playful scores were significantly higher in the PS than the TS at pre-exercise (t (8) = -5.43, p < 0.05; TS pre-mean = 2.67, PS pre-mean = 4.78; Figure 5.3). 




Figure 5.3: Serious-playful ratings of the paratelic dominance group in telic and paratelic state conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre. ▲Significant difference between baseline and pre and baseline and post in the TS condition.†Significant difference between pre and 15 min post in the TS condition. ◊Significant differences between baseline and post, pre and post, pre and 15 min post in the PS condition. ‡Significant difference between post and 15 min post in the PS condition (p < 0.05).

The planning-spontaneous item showed no main effects for either group or interaction for the TD group (state: partial ŋ² = 0.08, time: partial ŋ² = 0.19, state * time: partial ŋ² = 0.13), but the state*time interaction was significant (a moderate effect size) for the PD group (state: partial ŋ² = 0, time: partial ŋ² = 0.30, state * time: partial η² = 0.42; Table 5.5). At pre-exercise, the PD group was feeling significantly more spontaneous in the PS condition than the TS condition (t (8) = -2.31, p < 0.05; TS pre-mean = 4.11, PS pre-mean = 4.78). Spontaneity decreased significantly from baseline to pre-exercise in the TS condition (t (8) = 2.83, p < 0.022; baseline mean = 4.78, pre-mean = 4.11) and increased significantly from pre- to 15 min post-exercise (t (8) = -3.50, p < 0.008; pre-mean = 4.78, 15 min post-mean = 4.89) in this condition. There was a significant decrease from baseline to post-exercise (t (8) = 2.44, p < 0.04; baseline mean = 5.00, post-mean = 3.89) and a significant increase from post- to 15 min post-exercise (t (8) = -3.16, p < 0.013; post-mean = 3.89, 15 min post-mean = 4.44) in the PS condition (Figure 5.4).











For the felt arousal item, there were state (partial η² = 0.41) and time main effects (partial η² = 0.77) but no state * time interaction for the TD group (partial η² = 0.19; Table 5.5). Felt arousal was significantly higher in the TS condition than in the PS condition (TS mean = 3.33, PS mean = 2.89). There were significant increases in felt arousal from baseline to post-exercise (t (17) = -10.74, p < 0.00) and from pre- to post-exercise (t (17) = -7.18, p < 0.00) and significant decreases from pre- to 15 min post-exercise (t (17) = 2.77, p < 0.013) and from post- to 15 min post-exercise (t (17) = 8.21, p < 0.00; baseline mean = 2.56, pre-mean = 3.06, post-mean = 4.78, 15 min post-mean = 2.06).
For the PD group, there was a time main effect and a strong effect size (partial η² = 0.67) but no state main effect (partial η² = 0) or state * time interaction (partial η² = 0.15; Table 5.5). There were significant increases from baseline to pre-exercise (t (17) = -3.112, p < 0.006), baseline to post-exercise (t (17) = -6.12, p < 0.00) and from pre- to post-exercise (t (17) = -3.70, p < 0.002). Significant decreases were seen from pre- to 15 min post-exercise (t (17) = 3.39, p < 0.003) and from post- to 15 min post-exercise (t (17) = 6.00, p < 0.00; baseline mean = 2.56, pre-mean = 3.33, post-mean = 4.50, 15 min post-mean = 2.50).
There was a time main effect for the TD group for preferred arousal (partial η² = 0.54) but no state main effect (partial η² = 0.09) or state * time interaction (partial η² = 0.14; Table 5.5). There were significant decreases in preferred arousal from baseline to 15 min post-exercise (t (17) = 3.29, p < 0.004), from pre- to 15 min post-exercise (t (17) = 4.31, p < 0.00) and from post- to 15 min post-exercise (t (17) = 4.19, p < 0.001; baseline mean = 3.33, pre-mean = 3.61, post-mean = 3.61, 15 min post-mean = 2.17). No significant effects were identified for the PD group (state: partial ŋ² = 0.01, time: partial ŋ² = 0.25, state * time: partial ŋ² = 0.09; Table 5.5). 

5.3.6 Emotion and Stress Responses

Relaxation. There was a time main effect and a strong effect size for the TD group (partial η² = 0.57) but no state main effect (partial η² = 0.06) or state * time interaction (partial η² = 0.22; Table 5.6). T-tests showed significant decreases in relaxation from baseline to post-exercise (t (17) = 4.97, p < 0.00) and from pre- to post-exercise (t (17) = 3.99, p < 0.001) and a significant increase from post- to 15 min post-exercise (t (17) = -6.04, p < 0.00; baseline mean = 4.67, pre-mean = 4.00, post-mean = 2.44, 15 min post-mean = 4.94).
Similar to the TD group, for the PD group, there was a time main effect and a strong effect size (partial η² = 0.64) but no state main effect (partial η² = 0.04) or state * time interaction (partial η² = 0.14; Table 5.6). There were significant decreases from baseline to post-exercise (t (17) = 6.02, p < 0.00) and from pre- to post-exercise (t (17) = 4.42, p < 0.001) and a significant increase from post- to 15 min post-exercise (t (17) = -5.06, p < 0.00; baseline mean = 4.94, pre-mean = 4.39, post-mean = 2.50, 15 min post-mean = 4.72).
Anxiety. No main effects for time or state or interactions were observed in both TD (state: partial ŋ² = 0.12, time: partial ŋ² = 0.17, state * time: partial ŋ² = 0.19) and PD groups for anxiety (state: partial ŋ² = 0.21, time: partial ŋ² = 0.06, state * time: partial ŋ² = 0.18; Table 5.6). 
Excitement. There was a time main effect and a strong effect size (partial η² = 0.52) but no state main effect (partial η² = 0.21) or state * time interaction (partial η² = 0.12) for the TD group (Table 5.6). There were significant decreases in excitement from baseline to 15 min post-exercise (t (17) = 4.12, p < 0.001), from pre- to 15 min post-exercise (t (17) = 2.60, p < 0.019) and from post- to 15 min post-exercise (t (17) = 4.51, p < 0.00), and a significant increase from pre- to post-exercise (t (17) = -3.22, p < 0.005; baseline mean = 3.11, pre-mean = 2.67, post-mean = 3.50, 15 min post-mean = 1.94). No significant effects were identified for the PD group (state: partial ŋ² = 0.12, time: partial ŋ² = 0.12, state * time: partial ŋ² = 0.07; Table 5.6).
Boredom. A time main effect and a moderate effect size (partial η² = 0.35) were identified but no state main effect (partial η² = 0) or state * time interaction (partial η² = 0.11) were observed for the TD group (Table 5.6). T-tests showed significant increases from baseline to 15 min post-exercise (t (17) = -2.36, p < 0.03) and from post- to 15 min post-exercise (t (17) = -3.25, p < 0.005; baseline mean = 1.50, post-mean = 1.17, 15 min post-mean = 2.28).
A state main effect and a strong effect size (partial η² = 0.56) were observed but no time main effect (partial η² = 0.05) or state * time interaction (partial η² = 0.05) were observed for the PD group for boredom (Table 5.6). PDs were significantly more bored in the TS condition than in the PS condition (TS mean = 2.17, PS mean = 1.50).
Stress. There was a time main effect for every stress score (i.e., external tension stress, internal tension stress, external effort stress and internal effort stress) for both TD and PD groups. In addition, in the TD group, there was a significant state main effect and state * time interaction for external effort stress. No other effects were significant (Table 5.6).
In the TD group the time main effect and a strong effect size for external tension stress (state: partial ŋ² = 0.31, time: partial ŋ² = 0.55, state * time: partial ŋ² = 0.24) resulted in significant increases from baseline to pre-exercise (t (17) = -2.20, p < 0.042), from baseline to post-exercise (t (17) = -4.19, p < 0.001) and from pre- to post-exercise (t (17) = -3.18, p < 0.005). Significant decreases were identified from pre- to 15 min post-exercise (t (17) = 3.31, p < 0.004) and from post- to 15 min post-exercise (t (17) = 6.59, p < 0.00; baseline mean = 2.11, pre-mean = 2.56, post-mean = 3.94, 15 min post-mean = 1.56).
In the PD group time main effect (state: partial ŋ² = 0.18, time: partial ŋ² = 0.61, state * time: partial ŋ² = 0.17) resulted in the same pattern of change. There were significant increases in external tension stress from baseline to post-exercise (t (17) = -4.93, p < 0.00) and from pre- to post-exercise (t (17) = -3.98, p < 0.001) and significant decreases from pre- to 15 min post-exercise (t (17) = 2.64, p < 0.017) and post- to 15 min post-exercise (t (17) = 6.354, p < 0.00; baseline mean = 2.33, pre-mean = 2.61, post-mean = 3.89, 15 min post-mean = 1.78). 
The time main effect for internal tension stress in the TD group (state: partial ŋ² = 0.25, time: partial ŋ² = 0.69, state * time: partial ŋ² = 0.03) resulted in significant increases from baseline to post-exercise (t (17) = -6.37, p < 0.00) and from pre- to post-exercise (t (17) = -6.15, p < 0.00) and a significant decrease from post- to 15 min post-exercise (t (17) = 6.71, 0.00; baseline mean = 2.33, pre-mean = 2.67, post-mean = 5.17, 15 min post-mean = 2.33).
The time main effect seen in the PD group (state: partial ŋ² = 0.17, time: partial ŋ² = 0.68, state * time: partial ŋ² = 0.06) produced the same pattern of change. There were significant increases from baseline to post-exercise (t (17) = -5.92, p < 0.00), from pre- to post-exercise (t (17) = -6.18, p < 0.00), and a significant decrease from post- to 15 min post-exercise (t (17) = 6.00, p < 0.00; baseline mean = 2.22, pre-mean = 2.44, post-mean = 4.72, 15 min post-mean = 2.72).
In the TD group the state main effect for external effort stress (partial η² = 0.537) was evidenced by significantly higher external effort stress in the TS condition than in the PS condition (TS mean = 2.58, PS mean = 2.22). The time main effect (partial η² = 0.411) resulted from significant increases from baseline topre- exercise (t (17) = -3.071, p < 0.07), and baseline to post-exercise (t (17) = -4.73, p < 0.00) and significant decreases from pre- to 15 min post-exercise (t (17) = 2.29, p < 0.035) and post- to 15 min post-exercise (t (17) = 4.932, p < 0.00). 
Exploring the state * time interaction (partial η² = 0.41; Table 5.5) revealed that external effort stress was significantly higher in the TS condition than the PS condition at pre-exercise (t (8) = 2.83, p < 0.05; TS pre-mean = 3.00, PS pre-mean = 2.33) and at post-exercise (t (8) = 3.50, p < 0.05; TS post-mean = 3.78, PS post-mean = 3.00) indicating that the TD group exerted more external effort stress in the TS than the PS condition.  
In the TS condition, there was a significant increase in external effort stress from baseline to pre-exercise (t (8) = -2.35, p < 0.05). In both conditions external effort stress significantly increased from baseline to post-exercise (TS, t (8) = -3.62, p < 0.05; PS, t (8) = -3.02, p < 0.05) and significantly decreased from post- to 15 min post-exercise (TS, t (8) = 4.24, p < 0.05; baseline mean = 1.78, pre-mean = 3.00, post-mean = 3.78, 15 min post-mean = 1.78; PS, t (8) = 2.86, p < 0.05; baseline mean = 1.67, pre-mean = 2.33, post-mean = 3.00, 15 min post-mean = 1.89).
For the PD group, the time main effect (state: partial ŋ² = 0.001, time: partial ŋ² = 0.47, state * time: partial ŋ² = 0.02) resulted from significant increases in external effort stress from baseline to post-exercise (t (17) = -3.50, p < 0.003) and from pre- to post-exercise (t (17) = -4.00, p < 0.001) and a significant decrease in external effort stress from post- to 15 min post-exercise (t (17) = 5.25, p < 0.00; baseline mean = 2.39, pre-mean = 2.44, post-mean = 3.78, 15 min post-mean = 2.00). 
In the TD group the time main effect for internal effort stress (state: partial ŋ² = 0.13, time: partial ŋ² = 0.71, state * time: partial ŋ² = 0.21; Table 5.6) resulted from significant increases from baseline to post-exercise (t (17) = -6.32, p < 0.00) and from pre- to post-exercise (t (17) = -7.78, p < 0.00) and a significant decrease from post- to 15 min post-exercise (t (17) = 6.60, p < 0.00; baseline mean = 2.39, pre-mean = 2.50, post-mean = 5.17, 15 min post-mean = 2.50).
The time main effect in the PD group (state: partial ŋ² = 0.01, time: partial ŋ² = 0.63, state * time: partial ŋ² = 0.02; Table 5.6) reflected the same changes in internal effort stress. There were significant increases from baseline to post-exercise (t (17) = -5.657, p < 0.00) and from pre- to post-exercise (t (17) = -5.89, p < 0.00) and a significant decrease from post- to 15 min post-exercise (t (17) = 5.14, p < 0.00; baseline mean = 2.11, pre-mean = 2.33, post-mean = 4.67, 15 min post-mean = 2.44).

5.3.7 Summary of Emotion and Stress Responses

TD group. The TD group was less relaxed post-exercise but became more relaxed 15 min post-exercise, whilst no changes were seen in anxiety throughout the course of the experiment regardless of condition. TDs were more excited post-exercise but less excited and more bored after the 15 min resting period. Both internal and external tension and effort stress increased post-exercise and decreased significantly after 15 min of rest. When compared between the two conditions, even though the TD group was more serious in the TS condition and more playful in the PS condition, there were very few differences in their emotions and stress levels. The only exception was the significantly greater external effort stress in the TS than in the PS at both pre- and post-exercise. 































Table 5.8: Summary of F ratios for two-way repeated measures ANOVAs on dominance (TD/PD) and state (TS/PS) for peak power (W), relative peak power (W/kg) and anaerobic fatigue (%); * p < 0.05.

Variable 	dominance	state	state * dominance
	F - ratio	F - ratio	F - ratio
	(df = 1,16)	(df = 1,16)	(df = 1,16)
Peak Power (W)	0.91	1.19	0.49
			




5.3.9 Heart Rate and HRV




















Table 5.9: HR and HRV variables for the telic dominance group in the telic and paratelic state conditions.

	Telic state manipulation	　	　	　	Paratelic state manipulation	　	　	　





















Table 5.10: HR and HRV variables for the paratelic dominance group in the telic and paratelic state conditions.

	Telic state manipulation				Paratelic state manipulation			





















Table 5.11: Summary of F ratios for three-way repeated measures ANOVAs on dominance (TD/PD), state (TS/PS) and time (baseline, pre-, and post-exercise) for HR and HRV; * p < 0.05.

Variable 	dominance	state	state * dominance	time	time * dominance	state * time	state * time * dominance
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio
	(df = 1, 16)	(df = 1, 16)	(df = 1, 16)	(df = 2, 32)	(df = 2, 32)	(df = 2, 32)	(df = 2, 32)
























Mean NN. For mean NN, there was a significant time main effect (state: partial η² = 0.19; dominance: partial η² = 0.06; time: partial η² = 0.74; state * dominance: partial η² = 0.04; time * dominance: partial η² = 0.02; state * time: partial η² = 0.05; state * time * dominance: partial η² =0.10; Table 5.11). There was a significant increase from baseline to pre-exercise (t (35) = -2.912, p < 0.006) and significant decreases from baseline to post-exercise (t (35) = 9.101, p < 0.001) and pre- to post-exercise (t (35) = 9.668, p < 0.00; baseline mean = 811.32 ms pre-mean = 825.34 ms, post-mean = 672.29 ms). 
SDNN. For SDNN, there were state and time main effects only (state: partial η² = 0.25; dominance: partial η² = 0.02; time: partial η² = 0.61; state * dominance: partial η² = 0.15; time * dominance: partial η² = 0.03; state * time: partial η² = 0.02; state * time * dominance: partial η² =0.002; Table 5.11). SDNN was significantly higher in the PS condition than in the TS condition (TS mean = 40.75 ms, PS mean = 44.99 ms). There were significant decreases from baseline to pre-exercise (t (35) = 2.50, p < 0.017), baseline to post-exercise (t (35) = 6.95, p < 0.00) and pre- to post-exercise (t (35) = 6.04, p < 0.00; baseline mean = 53.98 ms, pre-mean = 48.46 ms, post-mean = 26.16 ms). 
RMSSD. For RMSSD, there was only a significant time main effect (state: partial η² = 0.13; dominance: partial η² = 0.01; time: partial η² = 0.61; state * dominance: partial η² = 0.09; time * dominance: partial η² = 0.01; state * time: partial η² = 0.02; state * time * dominance: partial η² =0.02; Table 5.11). RMSSD significantly decreased from baseline to post-exercise (t (35) = 6.51, p < 0.00) and pre- to post-exercise (t (35) = 7.016, p < 0.00; baseline mean = 33.42, pre-mean = 33.75, post-mean = 15.81).
NN50. For NN50, there was a time main effect (state: partial η² = 0.15; dominance: partial η² = 0.02; time: partial η² = 0.53; state * dominance: partial η² = 0.01; time * dominance: partial η² = 0.003; state * time: partial η² = 0.08; state * time * dominance: partial η² =0.05; Table 5.11). There were significant decreases from baseline to post-exercise (t (35) = 5.64, p < 0.00) and from pre- to post-exercise (t (35) = 6.02, p < 0.00; baseline mean = 17.29, pre-mean = 16.79, post-mean = 3.99).
VLF. For VLF, there was a time main effect (state: partial η² = 0.04; dominance: partial η² = 0.10; time: partial η² = 0.26; state * dominance: partial η² = 0.06; time * dominance: partial η² = 0.09; state * time: partial η² = 0.08; state * time * dominance: partial η² =0.08; Table 5.11). T-tests showed significant decreases from baseline to pre-exercise (t (35) = 2.218, p < 0.033), baseline to post-exercise (t (35) = 2.947, p < 0.006) and from pre- to post-exercise (t (35) = 2.088, p < 0.044; baseline mean = 1403.26 ms², pre- mean = 902.18 ms², post-mean = 486.02 ms²).
LF. There was a time main effect and state * dominance interaction for LF (state: partial η² = 0.06; dominance: partial η² = 0.05; time: partial η² = 0.42; state * dominance: partial η² = 0.29; time * dominance: partial η² = 0.02; state * time: partial η² = 0.05; state * time * dominance: partial η² =0.04; Table 5.11). T-tests showed significant decreases from baseline to post-exercise (t (35) = 4.44, p < 0.00) and from pre- to post-exercise (t (35) = 6.10, p < 0.000; baseline mean = 814.95 ms², pre-mean = 846.89 ms², post-mean = 277.02 ms²; Figure 5.6).
For the TD group, there were significant decreases in LF from baseline to 15 min post-exercise (t (8) = 2.65, p < 0.05) and from pre- to 15 min post-exercise (t (8) = 3.09, p < 0.05; baseline mean = 988.84 ms², post-mean = 242.57 ms²) in the TS condition (Figure 5.6). 




Figure 5.5: LF (ms²) for telic (TD) and paratelic (PD) dominance groups in the telic (TS) and paratelic (PS) state conditions.

HF. For HF, there was a time main effect (state: partial η² = 0.12; dominance: partial η² = 0.001; time: partial η² = 0.41; state * dominance: partial η² = 0.03; time * dominance: partial η² = 0.01; state * time: partial η² = 0.02; state * time * dominance: partial η² =0.01; Table 5.11). T-tests showed significant decreases from baseline to post-exercise (t (35) = 4.75, p < 0.00) and from pre- to post-exercise (t (35) = 4.70, p < 0.000; baseline mean = 535.01 ms², pre-mean = 471.85 ms², post-mean = 149.78 ms²).




Figure 5.6: LF: nu (%) for telic (TD) and paratelic (PD) dominance groups in the telic (TS) and paratelic (PS) state conditions.





Figure 5.7: HF: nu (%) for telic (TD) and paratelic (PD) dominance groups in the telic (TS) and paratelic (PS) state conditions.

LF/HF. No significant effects were identified for LF/HF (state: partial η² = 0.01; dominance: partial η² = 0.11; time: partial η² = 0.09; state * dominance: partial η² = 0.18; time * dominance: partial η² = 0.02; state * time: partial η² = 0.06; state * time * dominance: partial η² =0.01; Table 5.11). 




Figure 5.8: LF (normalized; %) for telic (TD) and paratelic (PD) dominance groups in the telic (TS) and paratelic (PS) state conditions.

HF (normalized). A time main effect was observed for the normalized HF (state: partial η² = 0.02; dominance: partial η² = 0.09; time: partial η² = 0.54; state * dominance: partial η² = 0.01; time * dominance: partial η² = 0.11; state * time: partial η² = 0.01; state * time * dominance: partial η² =0.01; Table 5.11). T-tests showed significant decreases from baseline to post-exercise (t (35) = 8.59, p < 0.00) and from pre- to post-exercise (t (35) = 5.52, p < 0.000; baseline mean = 100%, pre-mean = 112.34%, post –mean = 35.71%).
LF/HF (normalized). A time main effect was observed for the normalized LF/HF (state: partial η² = 0.004; dominance: partial η² = 0.003; time: partial η² = 0.21; state * dominance: partial η² = 0.01; time * dominance: partial η² = 0.01; state * time: partial η² = 0.01; state * time * dominance: partial η² =0.01; Table 5.11). T-tests showed significant increases from baseline to post-exercise (t (35) = -2.786, p < 0.009) and from pre- to post-exercise (t (35) = -2.156, p < 0.038; baseline mean = 100%, pre-mean = 118.05%, post-mean = 159.24%).





















The main purpose of this study was to examine the affective, physiological and performance responses of TD and PD individuals when performing explosive exercise in different metamotivational states (telic and paratelic). The study employed Svebak’s proposed triangular relationship between sport preference, personality and physiological characteristics as its underpinning framework. Heart rate and HRV were used as physiological markers and Wingate test performance was employed as the performance marker. 
The hypotheses for the present study were: 1.) TD subjects will prefer individual, endurance activities, while PD subjects will prefer team and explosive activities, 2.) during explosive exercise, more negative emotions will be observed in the TD group than in the PD group and in the paratelic state than in the telic state for the TD group and vice versa for the PD group, 3.) PD subjects will produce significantly higher peak power (performance marker) than TD subjects, 4.)  PD subjects will produce significantly higher peak power in the paratelic than in the telic state and vice versa for the TD subjects, 5.) TD will have a lower resting HR than the PD group, and, 6.) higher stress, as indicated by HRV measures, will be observed in the TD group than in the PD group and in the paratelic state than in the telic state for the TD group and vice versa for the PD group.
In relation to hypothesis one, results showed that 89% of the TD group preferred telic activities, and 100% of the PD group preferred paratelic activities. Compared to results from Studies 1 and 2, exercise preferences demonstrate a more marked match with metamotivational dominance, providing strong support for findings from previous studies (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989). These findings also support Svebak’s proposed relationship between dominance and sport preference.
The experimental hypothesis concerning emotional responses (i.e., hypothesis two) was not fully supported as the majority of emotions and stress responses demonstrated changes over time but little difference in relation to state and dominance. Exceptions to this were the significantly higher boredom seen in PD subjects in the TS compared with the PS, and the significant changes seen in excitement in the TD group, but not the PD group. The temporal changes seen in subjects’ emotional responses indicated that both groups were less relaxed immediately following the exercise bout but felt more relaxed following 15 min of rest. Such results are in line with previous studies, where an increase in pleasant emotions and a decrease in unpleasant emotions were observed post-running (10 min post-running outdoors and on a laboratory treadmill; Kerr et al., 2006; immediately post-running 1.7 km and 5.0 km at high and low intensity; Kerr & Kuk, 2001; immediately post-running, 5.0 km for female and 6.6 km for male subjects; Kerr & Vlaswinkel, 1993). Similarly, when telic and paratelic dominant tennis players’ emotions were compared after playing tennis, no differences were found between the two dominance groups (Kerr et al., 2002). In the current study, the TD group only reported less excitement and more boredom immediately after exercise compared with prior to and after 15 min of rest. The decrease in excitement may be caused because of the telic dominant individual’s strong tendency to return to their preferred telic state (Apter, 1982). However, there is a need for further investigation to examine the increase in boredom, which is associated with paratelic state.

Stress levels showed no change from baseline to pre-exercise, but at post-exercise, they increased significantly for both groups and in both conditions. Exercise was therefore the cause of this increase in stress. This increase in stress also matches findings obtained in previous research (e.g., Kerr & Svebak, 1994), where unpleasant emotions decreased significantly post-activity for easy running, did not change after basketball and significantly increased following rugby. These findings suggest that the more physical exertion involved in the activity, the higher the stress levels individuals will experience.
The current study employed an all out, highly demanding exercise protocol, thus, in line with these previous findings, this increase in stress is not surprising. Unlike previous studies, the exercise protocol in the present study was presented to subjects as a “test” and this may have been interpreted as stressful. Previous studies have indicated that contexts such as situation and location can influence an individuals interpretation of a stressor (e.g., Apter, 2001; Kerr, Kawaguchi, Oiwa, Terayama, & Zukawa, 2000; Tacon & Kerr, 1999). The situation in which current subjects exercised may therefore have induced post-exercise stress regardless of dominance or metamotivational state. However, the TD group reported higher external effort stress in the TS compared with the PS, and this was expected as a study by Dobbin and Martin (1988) indicated that telic dominant individuals are more stressed in unresolved situations, such as an exercise test. 
Hypotheses three and four, PD subjects will produce significantly higher peak power (performance marker) than TD subjects, and, PD subjects will produce significantly higher peak power overall and in the paratelic than in the telic state and vice versa for the TD subjects, were not supported. There were no significant differences in performance between dominances in either state, even though the PD group had a higher peak power and relative peak power than the TD group in both states. Albeit not significant, these trends are in line with the hypothesis that, on explosive exercise, the PD group, with a preference for explosive activities, would perform better than the TD group, who reported a preference for endurance activities; this trend supports previous research (Svebak & Kerr, 1989). The anaerobic fatigue index indicated that the PD group fatigued to a greater extent after 30 s of explosive exercise than the TD group.  Higher anaerobic fatigue is associated with individuals with greater anaerobic ability (Bar-Or, 1987), thus this may be a result of PD individuals having a greater prevalence of fast twitch muscle fibre than TD individuals. This is a plausible explanation since previous studies have indicated a link between metamotivational dominance and muscle fibre composition (Braathen & Svebak, 1992, 1994; Svebak et al., 1993). In addition, the PD subjects’ preference for explosive activities supports this contention. 
When comparing performances within state there was no significant difference between the two dominance groups. Both TD and PD groups performed better in the TS condition than in the PS condition. These results contradict those offered by Perkins et al. (2001), where maximal grip strength was measured in telic, paratelic and neutral conditions among elite athletes from explosive sports. Their results indicated that maximal grip strength performance was significantly better in the high arousal and high hedonic condition (i.e., paratelic state) compared with the telic state and neutral conditions. Current findings may be related to the exercise protocol used. The Wingate test requires all out effort and is considered very demanding. The telic state, where a serious frame of mind is operative, might be better suited to the Wingate test. Alternately, these conflicting results may be due to the non-elite sample used in the current study. Future research should assess these issues to elucidate the impact of the nature of the exercise protocol employed on optimal performance state. 
Hypotheses five and six, regarding resting HR and HRV variables, were not fully supported. Although the TD group had a lower resting HR than the PD group in both state conditions, there was no significant difference between dominance groups. However, significantly higher HR was observed in the TS condition than the PS condition, and this state main effect was not expected as the TD group was expected to have a lower resting HR than the PD group regardless of state because of their exercise preference. Results may indicate that subjects worked harder in the TS than the PS condition, however, no significant difference was observed in performance between the two state conditions. Examining subjective effort after exercise testing in future research may help resolve this issue. No state effect was observed in both dominance groups for emotions and stress, but boredom showed similar changes toHR for both dominance groups, as boredom was higher in the TS condition than the PS condition. Future research could examine the link between emotions and HR as the links between state and stress have been the main variables examined in relation to HR in previous reversal theory based studies (Svebak et al., 1986)
For HRV variables, results of the spectral analysis (i.e, VLF, LF and HF data) will be used for the discussion, because they are distinguished by calculating short term recordings from 2 to 5 min (TFESC & NASPE, 1996) and LF and HF related data resemble stress and anxiety when changes are observed (e.g., Carpeggiani et al., 2005; Dishman et al., 2000; Friedman & Thayer, 1997). For the reversal theory study, HRV variables were used as a physiological marker for the first time. For HRV variables, LF, HF and normalized LF, HF and LF/HF changed significantly over time; these changes were due to the completion of exercise and subsequent recovery from exercise. In line with previous research, the majority of HRV components decreased after the Wingate test (Arai et al., 1989; Cottin et al., 1999), which is caused by vagal withdrawal (Eckberg, 1997), where cardiac vagal control is lost (Rowell, 1993). The LF/HF ratio, which is determined by calculating short term recordings from 2 to 5 min (TFESC & NASPE, 1996), is used as a marker of sympathetic modulation and/or sympatho-vagal balance of HRV. In the present study, a decrease in HF and an increase in LF/HF were observed. This supports previous findings of attenuated cardiac vagal modulation and/or sympathetic predominance post-exercise for 10-15 min at exercise intensities of between 50% of peak power output and maximal exertion (Kamath, Fallen, & McKelvie, 1991). A decrease in HF component from baseline to pre-Wingate test was expected in the telic state as past studies have observed a significant decrease in the HF component when individuals felt anxious (Fuller, 1992) or reported feelings of “helplessness/hopelessness” (Schwarz et al., 2003). However, no significant decrease was observed from baseline to pre-Wingate test in the current study. This may indicate that subjects were not physiologically “stressed” or “anxious”. There is a further need to examine whether such a phenomenon can be observed in the telic state. There may be a need to recreate a situation where individuals will feel strongly “stressed”, “anxious” and/or “helplessness/hopelessness”, for example, as in Apter and Batler (1997), where high anxiety was observed during a parachute jump before the parachute opens. 
A significant state by dominance interaction was observed in LF, produced by a decrease in both state conditions for both TD and PD groups but higher LF components in their preferred states. The LF component, which is associated with vagal and sympathetic activities, increases when sympathetic activities are stimulated (TFESC & NASPE, 1996), thus indicating elevated levels of stress. Along with termination of the exercise, sitting on a chair without any stimulus (film) may have caused the LF component to decrease, thus felt more relaxed. Previous research by Iwanaga et al. (2005) examined changes in HRV in response to music manipulation. They found a significantly higher LF component during sedative music and exciting music sessions (stress conditions) compared to a no music session (no stress condition). Prior to the Wingate test, where documentary and comedy films were used to manipulate metamotivational state, significantly higher LF in the PS condition than the TS condition was observed for the PD group. These results may indicate that for the PD group, the PS condition was more mentally stimulating (stimulated sympathetic activities). Thus the PD group reacted more in the PS condition, which was more stimulating than the TS condition, but no state differences emerged for the TD group. Both groups showed an increase in sympathetic activities in their preferred states (albeit non-significant in the TD group), however, this increase in stimulation may not be a negative response. Every stimulus can be considered as a stress, and there are positive and negative stresses. A positive stress is a stress which can make an individual feel motivated and excited, while a negative stress can make an individual feel frustrated, anxious and angry (Apter, 1997). For PD individuals, a high LF component, which reflects stress, was caused in their preferred paratelic state because they enjoyed facing a challenge, while TD individuals had a higher LF component in the TS condition, where more stress was perceived. According to a study by Dobbin and Martin (1988), where research tested the hypothesis that in stressful situations telic dominant individuals have higher levels of cortisol than paratelic dominant individuals, they found that telic dominant people have a higher cortisol level when there is an unsolved problem in their lives compared to when there is no problem. In contrast, paratelic dominant people tend to have a higher cortisol level when there is no problem in their lives and a lower level when there is a problem. These results were attributed to the telic dominant individuals perceiving the situation as a threat, while paratelic dominant individuals perceive the situation as a challenge. There is a need for further research that employs physiological markers of stress, along with HRV measurements, during exercise protocols within a reversal theory framework to explore the validity of this explanation in this context.
The present study further examined Svebak’s triangular relationships among the general population, with HRV employed as a physiological marker. This was the first reversal theory study to measure HRV. Metamotivational dominance and exercise preference were related as identified in previous studies in this thesis. However, HRV did not show a clear relationship with metamotivational dominance. There is therefore a need for further investigation to determine whether TD and PD individuals demonstrate different HRV responses during explosive exercise and pre- and post-exercise since LF and HF components did show some differences in relation to dominance. Along with HRV and psychological markers of stress (e.g., TESI), physiological markers, such as cortisol, may help to clarify these findings. By doing so, it may be possible to determine whether the activation in sympathetic activities was caused by negative stress or positive stress.



























The current research will address the following limitations of previous studies: examine whether there is a preference of sport/exercise activities among telic and paratelic dominant individuals as Svebak and Kerr (1989) proposed, examine whether TD and PD can perform better, feel less stress and show positive emotions in their preferred state, and whether HRV is related to emotions and stress in different metamotivational dominances/states.
Study 3 examined Svebak’s proposed triangular relationship (1999) between metamotivational dominance, exercise preference and physiological responses during explosive exercise. HRV was included as a novel variable to be investigated in this context. Results revealed that TD individuals tend to favour telic activities, while PD individuals tend to favour paratelic activities. However, no significant difference in explosive exercise performance between TD and PD groups was demonstrated. As in Studies 1 and 2, where explosive and endurance leg exercises were examined, there is a need for research to examine cycling performance which is underpinned by aerobic ability. By conducting two different tests (sprint and aerobic) using the same mode of exercise insights can be gained into potential links between metamotivational dominance and performance on preferred and non-preferred exercise.
The aim of the current study was to examine metamotivational dominance and states in relation to performance during a ramped cycle test to volitional fatigue. Findings will again be interpreted in relation to Svebak’s triangular relationship. It has previously been reported that motivation can influence performance during a test to determine peak (Moffatt, Chitwood, & Biggerstaff, 1994) as such peak will be used as the primary marker of performance. To further examine the physiological responses among telic and paratelic dominant individuals, the study will include HRV as a physiological marker. As with Study 3 the current study represents one of the first to investigation this phenomenon from a reversal theory perspective. The current study will examine TD and PD groups and relate performance to both dominance and state and the impact on emotional and stress response when exercising in both preferred and non-preferred states.









Subjects were sampled from the subject pool, using the same method as Study 3, however, different subjects were sampled for the two studies. 
Ten TD (PDS scores = 5.10 ± 2.81) and 10 PD (PDS scores = 23.45 ± 1.09) subjects participated in the study. There were 4 male and 6 female subjects in the TD group (mean age = 24.3 ± 4.3 years; range = 18-31 years), with mean exercise frequency of 3.75 ± 1.57 times per week. There were 5 male and 5 female subjects in the PD group (mean age = 21.4 ± 6.0 years; range = 18-38 years), and mean exercise frequency of 3.40 ± 1.91 times per week. All subject descriptive characteristics are presented in Table 6.1. 










Subjects attended the human performance laboratory on three separate occasions with all visits scheduled at the same time of day; the first session was used for familiarisation to the equipment and procedures. During the familiarisation visit subjects’ height and body mass were recorded before being seated comfortably on the cycle ergometer (Lode, Groningen, the Netherlands), where saddle height and handle bar height and distance from the subject were also recorded.








Subjects were prepared for ECG sampling, baseline and pre-exercise psychological and physiological measures were obtained and the manipulation was administered as in Study 3. 

Subjects then performed a ramped test to determine peak. The ramp increased by 30 W/min after 2 min of no resistance (0 W), until the subject reached exhaustion. During the test, subjects watched the video stimulus; therefore, unlike a typical ramped test, there was no encouragement from the experimenter. Oxygen consumption was measured throughout the ramped test andpeak was determined by breath-by-breath analysis using an online gas exchange analyser (Oxycon, Jaeger, VIASYS Healthcare GmbH, Hoechberg) which was calibrated with gases of known concentrations and changed fixed volume syringe prior to each trial. On completion of the ramped test, the TSM and TESI were completed, constituting post-exercise measures.
























Raw ECG data were edited, HRV analyses were performed using the procedures described in Study 3. 
Descriptive data are presented same as in Study 3. All data were analysed using the same initial and follow-up analyses as those used in Study 3. Only the performance dependent variable differed between the two studies as the performance variable in the current study waspeak. 
6.3 Results
6.3.1 Biological and PDS Data

The descriptive characteristics are reported in Table 6.1. There were no significant differences between TD and PD groups for the following variables: age, mass, height and exercise amount per week. The PD group scored significantly higher than the TD group on total PDS score (t (18) = -19.268, p < 0.05) as well as its sub-items: playful (t (18) = -11.363, p < 0.05), spontaneous (t (18) = -8.103, p < 0.05) and arousal seeking (t (18) = -9.004, p < 0.05). 

Table 6.1: Subject characteristics and Paratelic Dominance Scale (PDS) data for telic and paratelic dominance groups; * p < 0.05























Running was the most favoured exercise in the TD group, cited by three subjects, with two subjects favouring badminton, and one subject each preferring rowing, gymnastics, karate, circuit training and football. Running, badminton, rowing, gymnastics, karate and circuit training can be considered telic activities. Climbing and dance were the most favoured activities in the PD group, cited by two subjects each. Football, hockey, rugby, surfing, underwater hockey and running were each identified by one subject. Other than running, these are all paratelic activities (see Table 6.2).

Table 6.2: Preferred exercise activities for telic and paratelic dominance subjects; numbers in parentheses indicate the number of subjects who cited this activity.













6.3.3 Test of assumptions for TSM and TESI

The data were examined to see if they met the test assumptions in line with procedures employed in Study 3 which revealed that, similar to Study 3, the majority of variables were normally distributed (TD: 93.8% for kurtosis, 84.4% for skewness; PD: 96.9% for kurtosis, 88.5% for skewness ; appendix P & Q). 
Effect size for ANOVA is presented in partial eta squared (ŋ²). To interpret the strength of effect size, following guidelines were used (Muijs, 2004):
•	0.1 – 0.3 = weak effect;
•	0.3 – 0.5 = moderate effect; and












Table 6.3: TSM scores for telic and paratelic dominance groups at baseline (base), pre-, post-, and 15 min post-exercise in the telic and paratelic state conditions.

Telic dominance group	　	　	　	　	　	　	　	　	　	　	　	　	　	　	
	Telic state manipulation	　	　	　	Paratelic state manipulation	　	　







	Telic state manipulation	　	　	　	Paratelic state manipulation	　	　











Table 6.4: TESI scores for the telic and paratelic dominance groups at baseline (base), pre-, post-, and 15 min post-exercise in the telic and paratelic state conditions.

Telic dominance group	　	　	　	　	　	　	　	　	　	　	　	　	　	　	
	Telic state manipulation	　	　	　	Paratelic state manipulation	　	　






External tension stress 	2.3	0.95	3.1	1.73	4.1	1.85	1.9	0.99	2.1	1.52	2.8	1.4	4.1	1.45	2	1.33




	Telic state manipulation	　	　	　	Paratelic state manipulation	　	　






External tension stress 	2.1	0.99	2.5	1.27	3.5	1.78	1.8	0.63	2.1	1.2	2.1	0.99	3.3	1.57	1.9	0.88








Table 6.5: Summary of F ratios for two-way repeated measures ANOVAs on state (TS/PS) and time (baseline, pre-, post- and 15 min post-exercise) for TSM items for the telic and paratelic dominance groups; * p < 0.05.

	Telic dominance group				Paratelic dominance group		
Variable 	state	time	state * time	 	state	time	state * time
	F - ratio	F - ratio	F - ratio	 	F - ratio	F - ratio	F - ratio










Table 6.6: Summary of F ratios for two-way repeated measures ANOVAs on state (TS/PS) and time (baseline, pre-, post- and 15 min post-exercise) on TESI items for the telic and paratelic dominance groups; *p < 0.05.

	Telic dominance group			Paratelic dominance group		
TESI variable	state	time	state * time	state	time	state * time
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio






External tension stress 	0.08	15.43*	0.24	1.22	7.80*	0.39







6.3.5 Metamotivational State and Arousal
6.3.5.1 Effect of Manipulation and Exercise on Metamotivational State

In the TD group, there were a state main effect and a moderate effect size (partial η² = 0.41) and a state*time interaction and a moderate effect size (partial η² = 0.46) but no time main effect on the serious-playful item (partial η² = 0.16; Table 6.5). Subjects were significantly more playful in the PS than in the TS (TS mean = 2.05; PS mean = 2.55; Figure 6.2). 





Figure 6.2: Serious-playful ratings of the telic dominance group in telic and paratelic state conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre. ▲Significant difference between baseline and pre in the TS condition. ◊Significant difference between baseline and pre in the PS condition. †Significant differences between pre and post and pre and 15 min post in the PS consition (p < 0.05).

For the PD group, there were state and time main effects (state: partial η² = 0.61; time: partial η² = 0.52) and a state * time interaction (partial η² = 0.55; Table 6.5). They were significantly more playful in the PS condition than in the TS condition (TS mean = 3.08; PS mean = 3.90). There were significant decreases in playfulness from baseline to post-exercise (t (19) = 5.007, p < 0.00) and from pre- to post-exercise (t (19) = 4.353, p < 0.00), and, a significant increase from post- to 15 min post-exercise (t (19) = -3.249, p < 0.004; baseline mean = 4.10, pre-mean = 3.85, post-mean = 2.50, 15 min post-mean = 3.50; Figure 6.3).






Figure 6.3: Serious-playful ratings of the paratelic dominance group in telic and paratelic state conditions. Error bars denote SD. *Significant difference between TS and PS conditions at pre. ▲Significant difference between baseline and pre and baseline and post in the TS condition.†Significant differences between pre and 15 min post and post and 15 min post in the TS condition. ◊Significant differences between baseline and post and pre and post in the PS condition. ‡Significant differences baseline and 15 min post and pre and 15 min post in the PS condition (p < 0.05).





There was a time main effect for felt arousal in the TD group (partial η² = 0.82) but no state main effect (partial η² = 0.34) or state * time interaction (partial η² = 0.003; Table 6.5). T-tests showed significant increases from baseline to post-exercise (t (19) = -7.79, p < 0.00) and from pre- to post-exercise (t (19) = -12.33, p < 0.00). Significant decreases were observed from baseline to 15 min post-exercise (t (19) = 2.21, p < 0.04), from pre- to 15 min post- exercise (t (19) = 5.64, p < 0.00) and from post- to 15 min post-exercise (t (19) = 15.38, p < 0.00; baseline mean = 2.70, pre-mean = 3.20, post-mean = 5.05, 15 min post- mean = 2.00).
Similarly, in the PD group, there was a time main effect for felt arousal (partial η² = 0.65) but no state main effect (partial η² = 0.11) or state * time interaction (partial η² = 0.20; Table 6.5). There were significant increases in felt arousal from baseline to post-exercise (t (19) = -6.76, p < 0.00) and from pre- to post-exercise (t (19) = -6.49, p < 0.00). Unlike the TD group however, felt arousal significantly increased from post- to 15 min post-exercise (t (19) = 7.50, p < 0.00; baseline mean = 2.55, pre-mean = 2.95, post-mean = 4.60, 15 min post-mean = 2.50).
In the TD group, similar to felt arousal, there was a time main effect (partial η² = 0.73) but no state main effect (partial η² = 0.03) or state * time interaction (partial η² = 0.05) for preferred arousal (Table 6.5). T-tests showed significant increases in preferred arousal from baseline to post- exercise (t (19) = -4.47, p < 0.00) and from pre- to post-exercise (t (19) = -2.94, p < 0.008). Significant decreases were identified from baseline to 15 min post-exercise (t (19) = 3.58, p < 0.002), from pre- to 15 min post-exercise (t (19) = 5.34, p < 0.00) and from post- to 15 min post-exercise (t (19) = 6.74, p < 0.00; baseline mean = 3.40, pre-mean = 3.95, post-mean = 4.45, 15 min post-mean = 2.75).
For the PD group, there was a time main effect (partial η² = 0.30) but no state main effect (partial η² = 0.05) or state * time interaction (partial η² = 0.16; Table 6.5). There were significant decreases in preferred arousal from baseline to 15 min post-exercise (t (19) = 2.22, p < 0.039), from pre- to 15 min post-exercise (t (19) = 2.59, p < 0.018) and from post- to 15 min post-exercise (t (19) = 3.50, p < 0.002; baseline mean = 3.95, pre-mean = 4.10, post- mean = 4.5, 15 min post-mean = 3.15).

6.3.6 Emotion and stress responses

Relaxation. In the TD group, there was a time main effect (partial η² = 0.49) but no state main effect (partial η² = 0.05) or state * time interaction (partial η² = 0.07) for relaxation (Table 6.6). T-tests showed significant decreases from baseline to post-exercise (t (19) = 4.64, p < 0.00) and from pre- to post-exercise (t (19) = 2.76, p < 0.00). Relaxation significantly increased from pre- to 15 min post-exercise (t (19) = -2.53, p < 0.20) and from post- to 15 min post-exercise (t (19) = -6.86, p < 0.00; baseline mean = 4.05, pre-mean = 3.50, post-mean = 2.25, 15 min post-mean = 4.60).
There was a time main effect (partial η² = 0.84) but no state main effect (partial η² = 0.09) or state * time interaction (partial η² = 0.12) for the PD group (Table 6.6). Relaxation significantly decreased from baseline to pre-exercise (t (19) = 4.07, p < 0.001), from baseline to post-exercise (t (19) = 10.26, p < 0.00) and from pre- to post-exercise (t (19) = 8.64, p < 0.05). PDs became significantly more relaxed from pre- to 15 min post-exercise (t (19) = -8.64, p < 0.00; baseline mean = 5.45, pre-mean = 4.35, post-mean = 2.10, 15 min post-mean = 5.25).
Anxiety. There was a time main effect of anxiety in the TD group (partial η² = 0.31) but no state main effect (partial η² = 0.002) or state * time interaction (partial η² = 0.10; Table 6.6). They became significantly less anxious from baseline to 15 min post-exercise (t (19) = 3.12, p < 0.006) and from pre- to 15 min post-exercise (t (19) = 3.02, p < 0.007; baseline mean = 305, pre-mean = 2.90, 15 min post-mean = 2.00). No significant effects were observed in the PD group (state: partial η² = 0.01; time: partial η² = 0.11; state * time: partial η² = 0.06; Table 6.6).
Excitement. In the TD group, there was a time main effect (partial η² = 0.51) but no state main effect (partial η² = 0.01) or state * time interaction (partial η² = 0.09) for excitement (Table 6.6). There were significant decreases in excitement from baseline to pre-exercise (t (19) = 3.22, p < 0.005), from baseline to 15 min post-exercise (t (19) = 3.94, p < 0.001) and from post- to 15 min post-exercise (t (19) = 3.52, p < 0.002). TDs became significantly more excited from pre- to post-exercise (t (19) = -4.52, p < 0.00; baseline mean = 3.05, pre-mean = 2.20, post-mean = 3.35, 15 min post-mean = 1.85).
There was a time main effect (partial η² = 0.33) but no state main effect (partial η² = 0.02) or state * time interaction (partial η² = 0.15) in the PD group (Table 6.6). They decreased in excitement from baseline to 15 min post-exercise (t (19) = 4.05, p < 0.001), from pre- to 15 min post-exercise (t (19) = 3.00, p < 0.007) and from post- to 15 min post-exercise (t (19) = 3.76, p < 0.001; baseline mean = 3.15, pre-mean = 3.05, post-mean = 3.10, 15 min post-mean = 2.20).
Boredom. In the TD group, there was a time main effect (partial η² = 0.33) but no state main effect (partial η² = 0.25) or state * time interaction (partial η² = 0.19) for boredom (Table 6.6). They significantly decreased in boredom from pre- to post-exercise (t (19) = 2.93, p < 0.009) and became significantly more bored from post- to 15 min post-exercise (t (19) = -2.57, p < 0.019; pre-mean = 1.95, post-mean = 1.50, 15 min post-mean = 2.20).
For the PD group, there was a time main effect (partial η² = 0.48) but no state main effect (partial η² = 0.11) or state * time interaction (partial η² = 0.27; Table 6.6). T-tests showed significant increases from baseline to pre-exercise (t (19) = -2.38, p < 0.028), from baseline to 15 min post- exercise (t (19) = -2.96, p < 0.008) and from post- to 15 min post-exercise (t (19) = -4.71, p < 0.00). In contrast they significantly decreased in boredom from pre- to post-exercise (t (19) = 3.71, p < 0.001; baseline mean = 1.80, pre-mean = 2.55, post-mean = 1.40, 15 min post-mean = 3.05).
Stress. In both the TD and PD groups there were time main effects but no state main effects or state * time interactions for all four psychological indices of stress (i.e., external tension stress, internal tension stress, external effort stress and internal effort stress; Table 6.6). 
For external tension stress in the TD group, the time main effect and a strong effect size (state: partial η² = 0.01; time: partial η² = 0.63; state * time: partial η² = 0.03) resulted from significant increases in external tension stress from baseline to pre- exercise (t (19) = -3.47, p < 0.003), from baseline to post-exercise (t (19) = -5.60, p < 0.00) and from pre- to post-exercise (t (19) = -3.71, p < 0.001), and, significant decreases from pre- to 15 min post-exercise (t (19) = 3.16, p < 0.005) and from post- to 15 min post-exercise (t (19) = 5.39, p < 0.00; baseline mean = 2.20, pre-mean = 2.95, post-mean = 4.10, 15 min post-mean = 1.95).
The time main effect in the PD group (state: partial η² = 0.12; time: partial η² = 0.46; state * time: partial η² = 0.04) was demonstrated by significant increases in external effort stress from baseline to post-exercise (t (19) = -3.51, p < 0.002) and from pre- to post-exercise (t (19) = -3.04, p < 0.007) and significant decreases from pre- to 15 min post-exercise (t (19) = 2.13, p < 0.046) and post- to 15 min post-exercise (t (19) = 4.32, p < 0.00; baseline mean = 2.10, pre- mean = 2.30, post-mean = 3.40, 15 min post-mean = 1.85).
The time main effect for internal tension stress in the TD group (state: partial η² = 0.19; time: partial η² = 0.57; state * time: partial η² = 0.004) was illustrated by significant increases from baseline to post-exercise (t (19) = -5.30, p < 0.00) and pre- to post-exercise (t (19) = -4.20, p < 0.00), and, significant decreases from pre- to 15 min post-exercise (t (19) = 2.78, p < 0.012) and post- to 15 min post-exercise (t (19) = 6.12, p < 0.00; baseline mean = 2.70, pre-mean = 3.15, post-mean = 4.85, 15 min post-mean = 2.40). 
The time main effect (state: partial η² = 0.07; time: partial η² = 0.77; state * time: partial η² = 0.02) in the PD group was caused by significant increases in internal tension stress from baseline to post-exercise (t (19) = -6.94, p < 0.00) and from pre- to post-exercise (t (19) = -8.95, p < 0.00). A significant decrease was also observed from post- to 15 min post-exercise (t (19) = 8.32, p < 0.00; baseline mean = 2.50, pre-mean = 2.40, post-mean = 5.25, 15 min post-mean = 2.40).
External effort stress changed over time in the TD group (state: partial η² = 0.10; time: partial η² = 0.56; state * time: partial η² = 0.16) increased significantly from baseline to post-exercise (t (19) = -4.62, p < 0.00) and pre- to post-exercise (t (19) = -5.48, p < 0.00) whilst decreasing significantly from post- to 15 min post-exercise (t (19) = 4.904, p < 0.00).
The main effect for external effort stress seen in the PD group (state: partial η² = 0.07; time: partial η² = 0.38; state * time: partial η² = 0.04) resulted from significant increases from baseline to post-exercise (t (19) = -3.15, p < 0.005) and pre- to 15 min post-exercise (t (19) = -3.51, p < 0.002) and a significant decrease from post- to 15 min post-exercise (t (19) = 3.56, p < 0.002; baseline mean = 2.45, pre-mean = 2.15, post-mean = 3.60, 15 min post-mean = 2.20).
In the TD group the time main effect (state: partial η² = 0.15; time: partial η² = 0.73; state * time: partial η² = 0.22) for internal effort stress was demonstrated by significant increases from baseline to post-exercise (t (19) = -6.47, p < 0.00) and pre- to post-exercise (t (19) = -7.02, p < 0.00), and, significant decreases from pre- to 15 min post-exercise (t (19) = 2.89, p < 0.009) and post- to 15 min post-exercise (t (19) = 9.41, p < 0.00).
In the PD group internal effort stress showed significant increases from baseline to post-exercise (t (19) = -6.32, p < 0.00) and from pre- to post-exercise (t (19) = -6.975, p < 0.00) whilst decreasing significantly from post- to 15 min post-exercise (t (19) = 5.742, p < 0.002; baseline mean = 2.65, pre-mean = 2.45, post-mean = 5.05, 15 min post-mean = 2.50; state: partial η² = 0.15; time: partial η² = 0.66; state * time: partial η² = 0.02). 

6.3.7 Summary of Emotion and Stress Responses.

TD group. In both conditions, relaxation decreased gradually from baseline to post-exercise. TDs were more relaxed at 15 min post-exercise in both conditions. Exercise caused a subsequent increase and the 15 min rest caused a decrease in excitement in both TS and PS conditions. All four stress variables indicated that TDs were more stressed after exercise but less stressed afer a rest period following exercise in both conditions.




Two-way repeated measures ANOVA showed no dominance or state effect on performance (peak). However, the TD group had a marginally higher peak during the TS condition (39.49 ± 9.55 mL.min-1.kg-1) compared to the PS condition (38.80 ± 8.81 mL.min-1.kg-1), and the PD group had a marginally higher peak during the PS condition(37.69 ± 10.49 mL.min-1.kg-1) compared to the TS trial (37.47 ± 10.85 mL.min-1.kg-1; Table 6.7).









6.3.10 HR and HRV








Table 6.8: HR and HRV variables in the telic dominance group at baseline (base), pre- and 15 min post-exercise in the telic and paratelic state conditions.

											
 	Telic state manipulation	　	　	　	　	　	Paratelic state manipulation	　	　	　	　	　





















Table 6.9: HR and HRV variables in the paratelic dominance group at baseline (base), pre- and 15 min post-exercise for the telic and paratelic state conditions.

										
 	Telic state manipulation	　	　	　	　	　	Paratelic state manipulation	　	　	　	　	　





















Table 6.10: Summary of F ratios for three-way repeated measures ANOVAs on dominance (TD/PD), state (TS/PS) and time (baseline, pre-, and post-exercise) for HR and HRV variables; * p < 0.05.

Variable 	dominance	state	state * dominance	time	time * dominance	state * time	state * time * dominance
	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio	F - ratio

























Mean NN. Significant dominance and time main effects were observed for mean NN (state: partial η² = 0.09; dominance: partial η² = 0.31; time: partial η² = 0.76; state * dominance: partial η² = 0; time * dominance: partial η² = 0.05; state * time: partial η² = 0.13; state * time * dominance: partial η² =0.02; Table 6.10) with significantly higher mean NN in the TD group compared with the PD group (TD mean = 832.09 ms, PD mean = 731.11 ms). There was a significant increase from baseline to pre- exercise (t (39) = -3.07, p < 0.004) and significant decreases from baseline to post- exercise (t (39) = 9.68, p < 0.00) and pre- to post-exercise (t (39) = 10.84, p < 0.00; baseline mean = 837.31 ms, pre-mean = 857.14 ms, post-mean = 650.35 ms).
SDNN. There was a significant time main effect for SDNN (state: partial η² = 0.02; dominance: partial η² = 0.20; time: partial η² = 0.70; state * dominance: partial η² = 0.06; time * dominance: partial η² = 0.04; state * time: partial η² = 0.03; state * time * dominance: partial η² =0.15; Table 6.10). T-tests showed significant decreases from baseline to pre-exercise (t (39) = 2.652, p < 0.012), baseline to post-exercise (t (39) = 9.79, p < 0.00) and pre- to post- exercise (t (39) = 8.14, p < 0.00; baseline mean = 76.49 ms, pre-mean = 68.73 ms, post-mean = 38.32 ms).
RMSSD. For RMSSD there were significant dominance and time main effects (state: partial η² = 0.04; dominance: partial η² = 0.29; time: partial η² = 0.61; state * dominance: partial η² = 0.04; time * dominance: partial η² = 0.12; state * time: partial η² = 0.07; state * time * dominance: partial η² =0.04; Table 6.10). The TD group had significantly higher RMSSD than the PD group (TD mean = 53.14, PD mean = 31.81). There were significant decreases in RMSSD from baseline to post-exercise (t (39) = 7.21, p < 0.00) and from pre- to post-exercise (t (39) = 6.46, p < 0.00; baseline mean = 52.39, pre-mean = 51.25, post-mean = 23.78). 
N50. A significant time main effect was observed for NN50 (state: partial η² = 0.14; dominance: partial η² = 0.01; time: partial η² = 0.68; state * dominance: partial η² = 0.04; time * dominance: partial η² = 0.04; state * time: partial η² = 0.004; state * time * dominance: partial η² =0.01; Table 6.10). T-tests showed significant decreases from baseline to post-exercise (t (39) = 7.97, p < 0.00) and pre- to post-exercise (t (39) = 7.51, p < 0.00; baseline mean = 19.82, pre-mean = 20.26, post-mean = 3.42). 
VLF. A significant time main effect was observed for VLF (state: partial η² = 0.003; dominance: partial η² = 0.17; time: partial η² = 0.48; state * dominance: partial η² = 0.06; time * dominance: partial η² = 0.04; state * time: partial η² = 0.02; state * time * dominance: partial η² =0.13; Table 6.10). There were significant decreases from baseline to pre-exercise (t (39) = 2.10, p < 0.042), baseline to post-exercise (t (39) = 5.96, p < 0.00) and pre- to post- exercise (t (39) = 4.33, p < 0.00; baseline mean = 2960.72 ms², pre-mean = 2137.48 ms², post-mean = 736.95 ms²).
LF. For LF, there was also a significant time main effect (state: partial η² = 0.03; dominance: partial η² = 0.06; time: partial η² = 0.34; state * dominance: partial η² = 0.01; time * dominance: partial η² = 0.04; state * time: partial η² = 0.06; state * time * dominance: partial η² =0.03; Table 6.10), produced by significant decreases from baseline to post-exercise (t (39) = 4.56, p < 0.00) and pre- to post-exercise (t (39) = 5.28, p < 0.00; baseline mean = 2248.66 ms², pre-mean = 1668.98 ms², post-mean = 621.64 ms²).
HF. There were significant dominance and time main effects for HF (state: partial η² = 0; dominance: partial η² = 0.22; time: partial η² = 0.42; state * dominance: partial η² = 0.04; time * dominance: partial η² = 0.08; state * time: partial η² = 0.11; state * time * dominance: partial η² =0.11; Table 6.10) as HF was significantly higher in the TD group than the PD group (TD mean = 1224.88 ms², PD mean = 511.19 ms²). There were significant decreases from baseline to post-exercise (t (39) = 5.30, p < 0.00) and pre- to post-exercise (t (39) = 4.63, p < 0.00; baseline mean = 1169.55 ms², pre-mean = 1154.68 ms², post-mean = 279.87 ms²).
LF: nu. A significant time main effect (state: partial η² = 0.01; dominance: partial η² = 0.19; time: partial η² = 0.18; state * dominance: partial η² = 0; time * dominance: partial η² = 0.12; state * time: partial η² = 0.07; state * time * dominance: partial η² =0.05) was observed for LF: nu (Table 6.10). T-tests showed a significant decrease from baseline to pre-exercise (t (39) = 2.51, p < 0.017) and a significant increase from pre- to post-exercise (t (39) = -2.82, p < 0.008; baseline mean = 64.38, pre-mean = 59.84, post-mean = 70.65).
HF: nu. For HF: nu, there were significant dominance and time main effects (state: partial η² = 0.001; dominance: partial η² = 0.24; time: partial η² = 0.56; state * dominance: partial η² = 0; time * dominance: partial η² = 0.12; state * time: partial η² = 0.12; state * time * dominance: partial η² =0.09; Table 6.10). The TD group had significantly higher HF: nu than the PD group (TD mean = 32.45, PD mean = 22.97). There was a significant increase in HF: nu from baseline to pre-exercise (t (39) = -2.59, p < 0.013) and significant decreases from baseline to post-exercise (t (39) = 5.44, p < 0.00) and pre- to post-exercise (t 939) = 6.82, p < 0.00; baseline mean = 30.75, pre-mean = 34.75, post-mean = 17.64).
LF/HF. There was a significant time main effect only (state: partial η² = 0; dominance: partial η² = 0.19; time: partial η² = 0.44; state * dominance: partial η² = 0.01; time * dominance: partial η² = 0.004; state * time: partial η² = 0.001; state * time * dominance: partial η² =0.04) for LF/HF (Table 6.10). T-tests identified a significant decrease from baseline to pre-exercise (t (39) = 2.04, p < 0.048) and significant increases from baseline to post-exercise (t (39) = -3.81, p < 0.00) and pre- to post-exercise (t (39) = -4.37, p < 0.00; baseline mean = 3.25, pre-mean = 2.91, post-mean = 6.71).
Normalized LF. There was a significant time main effect and significant state * dominance and state * time * dominance interactions (state: partial η² = 0.01; dominance: partial η² = 0.02; time: partial η² = 0.67; state * dominance: partial η² = 0.40; time * dominance: partial η² = 0.01; state * time: partial η² = 0.003; state * time * dominance: partial η² =0.26) for normalized LF (Table 6.10). T-tests revealed significant decreases from baseline to post-exercise (t (39) = 14.62, p < 0.00) and pre- to post-exercise (t (39) = 6.58, p < 0.00; baseline mean = 100.00%, pre-mean = 91.21%, post-mean = 34.98%; Figure 6.4).
There were significant decreases from baseline to 15 min post-exercise (TS, t (9) = 6.96, p < 0.05; PS, t (9) = 9.831, p < 0.05) and from pre- to 15 min post-exercise (TS, t (9) = 3.88, p < 0.05; PS, t (9) = 3.636, p < 0.05) in both TS and PS conditions for the TD group (TS: baseline mean = 100.00%, pre-mean = 109.83%, post-mean = 40.50%; PS: baseline mean = 100.00%, pre-mean = 78.32%, post-mean = 35.26%; Figure 6.4).





Figure 6.4: LF (normalized %) for telic (TD) and paratelic (PD) dominance groups in the telic (TS) and paratelic (PS) state conditions.

Normalized HF. There was a significant time main effect (state: partial η² = 0.01; dominance: partial η² = 0; time: partial η² = 0.65; state * dominance: partial η² = 0.40; time * dominance: partial η² = 0.002; state * time: partial η² = 0.03; state * time * dominance: partial η² =0.03) for normalized HF (Table 6.10). T-tests showed significant decreases from baseline to post-exercise (t (39) = 14.83, p < 0.00) and pre- to post-exercise (t (39) = 7.72, p < 0.00; baseline mean = 100.00%, pre-mean = 112.64%, post-mean = 24.67%).
Normalized LF/HF. There was a significant time main effect and significant state * dominance and state * time * dominance interactions (state: partial η² = 0.01; dominance: partial η² = 0.09; time: partial η² = 0.39; state * dominance: partial η² = 0.20; time * dominance: partial η² = 0.07; state * time: partial η² = 0.02; state * time * dominance: partial η² =0.19) for normalized LF/HF (Table 6.10). T-tests indicated significant increases from baseline to pre-exercise (t (39) = -3.80, p < 0.00) and from pre- to post-exercise (t (39) = -4.09, p < 0.00; baseline mean = 100.00%, pre-mean = 91.12%, post-mean= 331. 20%; Figure 6.5).





















The main purpose of this study was to examine the affective, physiological and performance responses of TD and PD individuals when performing a ramped cycle test to volitional fatigue in different metamotivational states (telic and paratelic). The study employed Svebak’s proposed triangular relationship (1999) between sport preference, personality and physiological characteristics as its underpinning framework. Heart rate and HRV were used as physiological markers and peak test performance was employed as the performance marker. 
The hypotheses for the present study were: 1.) TD subjects will prefer individual, endurance activities, while PD subjects will prefer team and explosive activities, 2.) during endurance exercise more negative emotions will be observed in the PD group when compared to the TD group and in the telic state when compared to the paratelic state and vice versa for the TD group, 3.) TD subjects will produce significantly higher peak than PD subjects, 4.)  PD subjects will produce significantly higher peak in the paratelic than in the telic state and vice versa for the TD subjects, 5.) TD subjects will have a lower resting HR than the PD group, 6.) Higher stress, as indicated by HRV measures, will be observed in the PD group when compared to the TD group and in the telic state when compared to the paratelic state and vice versa for the TD group.
For hypothesis one, concerning links between dominance and sport preference, results showed that 90% of the TD group preferred telic activities, and 90% of the PD group preferred paratelic activities. Again, these results support findings from Studies 1, 2, 3 and previous studies (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989) and the proposed link between sport preference and metamotivational dominance (Svebak, 1999). 
Hypothesis two (concerning emotional responses) was not fully supported as only time main effects were observed for every emotion variable for both groups except for anxiety in the PD group. As in Study 3 and in previous studies, where emotions were measured pre- and post-running (Kerr et al., 2006; Kerr & Kuk, 2001; Kerr & van den Wollenberg, 1997; Kerr & Vlaswinkel, 1993), both TD and PD groups were less relaxed immediately after the endurance exercise test. However, they were more relaxed 15 min after the exercise bout. Similar to previous research (Kerr et al., 2002) there were no differences between the two dominance groups. Both groups were also significantly less bored and more excited post-peak test but more bored from post- to 15 min post-peak test. For anxiety, a time main effect was observed only in the TD group, and they were significantly less anxious from baseline to 15 min post-peak test. These results are in line with previous research (e.g., Kerr et al., 2006), where similar changes in these emotions were observed pre- to post-running and basketball, and similarly, no state effect was observed in their findings.
All stress items (internal and external tension and internal and external effort stress) changed significantly over time, with stress increasing significantly immediately after thepeak test and decreasing significantly 15 min following the exercise bout. For both the TD and PD groups the state manipulation did not cause a change in subjects’ stress levels. As in Study 3, the exercise was therefore the most likely cause of this increase in stress, as situation and location can increase stress level (e.g., Apter, 2001; Kerr et al., 2000; Tacon & Kerr, 1999). The increases in stress post-peak test also match findings from previous research (Kerr & Svebak, 1994) and Studies 1, 2 and 3.
Hypotheses three and four, discussing relationships between state, dominance and performance, were not fully supported as there were no significant differences in performance between dominances in either state. Even though there was no significant difference between dominance groups, the TD group, who prefer endurance activities, performed better than the PD group, who prefer explosive activities, which is in line with previous research (Svebak & Kerr, 1989). Thus the trend seen in performance is not unexpected on the basis of current subjects’ exercise preferences.  Moreover, the link between metamotivational dominance and biological composition suggests that telic individuals possess predominantly slow twitch muscle fibres while paratelic individuals possess predominantly fast twitch fibres (Braathen & Svebak, 1992, 1994; Svebak et al., 1993). 
When comparing performances across state between dominance groups, there were no significant differences between performances in the two state conditions. However, there was a trend for both TD and PD groups to perform better in their preferred state (i.e., the TD group performed better in the TS condition, and the PD group performed better in the PS condition), which supports the trend observed in Study 2. Studies have shown that the paratelic state resulted in a better performance on motor tasks such as archery (telic activity; Kerr et al., 1997), explosive activities such as grip strength (paratelic activity; Perkins et al., 2001) and high risk activities such as rock climbing (paratelic activity; Howard et al., 2002). However, no studies have examined performance on endurance activities (telic) when performed in different states. Therefore, there is a need for further research that examines performance on telic activities in the telic and paratelic states. 
Hypotheses five and six stated that TDs will have a lower resting HR than PDs, and higher stress, as indicated by HRV measures, will be observed in the PD group when compared to the TD group and in the telic state when compared to the paratelic state and vice versa for the TD group. This hypothesis was not fully supported. For HR, there was a significant dominance main effect as the TD group had significantly lower HR than the PD group. It is possible that this finding is linked to TD individuals’ preference for endurance activities and training as one physiological response to training in these activities is a lower resting HR and faster recovery of HR post-exercise. For HRV variables, similar to Study 3 (Chapter 5), spectral analysis (i.e, VLF, LF and HF data) will be used to interpret the data, since they resemble stress and anxiety when changes are observed (e.g., Carpeggiani et al., 2005; Dishman et al., 2000; Friedman & Thayer, 1997), and for reversal theory framed study, HRV was used as a physiological marker for the second time. For HRV, there were state main effects for mean HF and HF: nu, time main effects for every HRV and state by dominance interactions for normalized LF and LF/HF. The changes over time seen in the HRV measures (i.e., significant decrease at post-exercise for the majority of components) were similar to those seen in Study 3, and were not unexpected (Arai et al., 1989; Cottin et al., 1999). These changes are caused by vagal withdrawal (Eckberg, 1997), where cardiac vagal control is lost (Rowell, 1993). As expected a decrease in HF and an increase in LF/HF were observed due to attenuated cardiac vagal modulation and/or sympathetic predominance. This observation has been reported post-exercise for 10-15 min at exercise intensities of between 50% of peak power output and maximal exertion (Kamath et al., 1991). 
A dominance main effect was observed for mean HF and HF: nu. Significantly higher values were observed for the TD group than the PD group regardless of state condition for mean HF and HF: nu. HF component reflects PNS activity, which relates to stress, so more anxious individuals demonstrated a lower HF component. A study by Thayer et al. (1996) examined HRV between anxiety disorder patients and non anxious individuals and observed a lower HF component in anxiety disorder patients. Therefore, in the present study, the telic dominant individuals, who spend more time being more serious minded and are more likely to feel anxious and stress according to reversal theory (Apter, 1982), were expected to have a lower HF component than the paratelic dominant individuals. However, the TD group had a higher HF component than the PD group at baseline and pre- peak test. A study by Schwarz et al., (2003) examined changes in HRV and emotions during chess games, and when players felt “optimism/in control” during games, the HF component increased significantly. In contrast, when players felt “helplessness/hopelessness” during games, the HF component decreased significantly. The TD group might have been more optimistic about participating in the endurance exercise protocol than the PD group. As in the current study, previous research (Sakuragi et al., 2002) observed a decrease in HF component in response to both comedy and tragedy video stimuli even though psychological measures showed no difference in anxiety between the two stimuli. However, unlike a study by Iwanaga et al. (2005), where an increase in HF component was observed in response to sedative music (i.e., subjects were less stressed and felt more comfortable listening to the sedative music than exciting music and no music conditions), no state difference was observed in HF in the present study (with only dominance effect being observed).
A state by dominance interaction was observed for normalized LF and LF/HF where higher values of these HRV variables were seen in the TD group in the TS condition and the PD group in the PS condition (preferred state for both groups) compared with their non-preferred states. The study by Iwanaga et al., (2005), reported that sedative and exciting music conditions increased subjects’ LF and LF/HF components, while a no music condition decreased LF and LF/HF components. The increases in LF component and LF/HF ratio, which reflect SNS activity, showed that subjects reacted to the music stimuli; and, in the present study, the TD group reacted more to the telic manipulation than the paratelic manipulation, while the PD group reacted more to the paratelic manipulation than the telic manipulation.
The main purpose of the present study was to examine changes in emotions and stress along with HRV in relation to endurance exercise performance, when states are manipulated. Analysis of HRV data, which indicate activity of the autonomic nervous system, showed that the TD group was more anxious and stressed than the PD group. In the TD group the telic manipulation caused an increase in sympathetic activities while for the PD group the paratelic manipulation caused similar changes, which was expected. However, the expected performance differences were not revealed, suggesting that individuals’ endurance performance is not affected by metamotivational state or personality. As in Studies 1, 2 and 3 exercise caused stress levels to increase, but emotional responses were inconsistent, did not vary in relation to state or dominance and were not always in expected directions.




























This programme of research utilised reversal theory (Apter, 1982) to examine the triangular relationship (Svebak, 1990) between metamotivational dominance (i.e., telic and paratelic), exercise preference and physiological responses among regular sports participants from the general population. Svebak (1990, 1999) proposed that when these three components match, individuals have a higher probability of success, and of optimizing the joy of participating in that activity. This proposition has only been examined in elite athletes (Braathen & Svebak, 1990), and all three components have never been examined in a single study. Therefore, the primary purpose of this research was to examine whether this proposed triangular relationship does exist in the general population by concurrently examining all three components. To achieve this purpose a series of studies was conducted that examined and compared telic and paratelic dominant individuals’ performance, stress level and emotions during endurance and explosive exercise performed in manipulated motivational states (telic and paratelic). 
The series of studies were designed to examine: 1.) exercise preferences of telic and paratelic dominant individuals; 2.) physiological responses (EMG and HR for Studies 1 and 2; HRV and HR for Studies 3 and 4) of telic and paratelic dominant individuals when performing exercise in the telic and paratelic states; 3.) performance (on explosive and endurance exercise) of telic and paratelic dominant individuals in the telic and paratelic states, and, 4.) emotions and stress responses of telic and paratelic dominant individuals during exercise performed in the telic and paratelic states. These studies have resulted in three main contributions to the literature: methodological advancements in this field of inquiry; novel findings concerning reversal theory constructs in an exercise setting, and, theoretical contributions in the context of reversal theory. The following sections discuss each of these in greater detail.  

7.2 Methodological advancements made by the thesis

Dominance groups (telic and paratelic) were recruited based on their scores on the PDS. The majority of previous studies which have examined telic/paratelic dominance have done so using a median split method or by assuming subjects’ dominances according to their main sport. One of the methodological contributions made in the present research was that telic/paratelic dominant subjects were determined by more stringent criteria, which resulted in “truer” dominance groups. Study subjects were purposely sampled from a wide pool in the initial sampling phase, when subjects completed the PDS. Based on the PDS score, subjects who scored higher than one standard deviation above the mean were classified into the paratelic dominant (PD) group, while subjects who scored lower than one standard deviation below the mean were classified into the telic dominant (TD) group. A study by Gerkovich et al. (1998) used this method, but this study was focused on smoking behaviour. Hence, the present study was the first to employ this method within an exercise context. The grouping criteria used here were confirmed overall as TD individuals preferred endurance activites, while PD individuals preferred explosive activities. Future research is recommended to use such criteria since determining “truer” dominant individuals will allow more accurate reversal theory findings.
For each study, a repeated measures design was utilised whereby each subject completed psychological and physiological measures at baseline, pre- and post-exercise (for Studies 3 and 4, there was an additional 15 min post-exercise measure) in both the telic and paratelic state conditions. This design therefore allowed comparison of psychological and physiological responses over time and between different states within and between dominance groups. One of the major limitations of previous reversal theory studies is that there are no studies where subjects were manipulated into both telic and paratelic states to examine exercise performance, emotions, stress levels and physiological responses. The current research incorporated a methodological improvement by examining exercise performance, emotions, stress and physiological responses among metamotivational dominances in two different states within a single study.
Another methodological development was the state manipulation method, where movies were used to manipulate metamotivational states. A serious documentary movie did effectively reverse subjects into the telic state, while a comedy movie reversed them into the paratelic state. It seemed that telic dominant individuals tend to reverse back to their preferred state more readily than paratelic dominants. For TD individuals, results clearly showed metamotivational dominance tendencies identified in reversal theory (Apter, 1982). This has been observed in the past as Frey (1999, p. 13) wrote that dominants, “will contingently reverse easily into his or her dominant state, and will satiate more slowly and become frustrated less easily in that state”. In comparison, in the present research, PD individuals stayed in a manipulated telic state longer than TDs remain in a manipulated paratelic state. Reversals between the telic and paratelic states are related to an individual’s behaviour and performance in order to maximize feelings and emotions (Apter, 2001). Current results showed that TD individuals prefer to return to the telic state (i.e., “serious minded”), and PD individuals tend to stay in a manipulated state even though they may be in a paratelic state prior to manipulation, suggesting that, as their dominance predicts, PD individuals are being “spontaneous”. 

7.3 Novel findings and theoretical contributions made by the thesis

The current research has provided some support for reversal theory propositions. Results have contributed to existing reversal theory findings by providing new findings as well as supporting existing findings. The first component of Svebak’s triangular relationship (1990, 1999) refers to the relationship between metamotivational dominance and exercise preference and all four studies examined both telic and paratelic dominant groups’ exercise preferences. As expected, every study in the present research supported previous findings which have shown a relationship between metamotivational dominance and exercise type preferences (Cogan & Brown, 1999; Kerr, 1991; Kerr & Svebak, 1989; Svebak & Kerr, 1989). TD individuals tend to prefer endurance sports, which involve repetitive, monotonous movements such as jogging and cycling (Svebak & Kerr, 1989), and exercise which has a low probability of injury, for instance, a “safe sport” such as archery, bowling or badminton (Cogan & Brown, 1999; Kerr & Svebak, 1989). PD individuals, on the other hand, tend to prefer explosive and/or impulsive sports such as baseball, basketball and cricket (Svebak & Kerr, 1989), and “risky sports” such as canoeing, caving and rock climbing (Cogan & Brown, 1999; Kerr & Svebak, 1989). Similar sport preferences were reported in the current studies. Findings in the present research contribute to the current research base as the majority of studies have examined metamotivational dominances in elite participants, while the current research has examined exercise preference in relation to telic/paratelic dominance among the general population. Findings can be used as a guide for individuals with different metamotivational dominances when choosing exercise activities which have a higher probability of resulting in enjoyment and performing well in the activity (Svebak, 1999).
Physiological responses (EMG and HR for Studies 1 and 2; HRV and HR for Studies 3 and 4) in telic and paratelic dominant individuals constitute the second component of Svebak’s triangular relationship (1990, 1999) that was examined. In Study 1, EMG was employed to examine whether EMG activity differs in TD and PD individuals during isometric leg contraction (explosive activity) and when in the telic and paratelic states. No significant differences were revealed between dominance groups and in relation to state conditions. Study 2 examined EMG gradients in passive musculature during isokinetic leg exercise (endurance activity). EMG gradients were observed in TD individuals when exercising in the telic and the paratelic states. A series of studies mainly by Svebak and colleagues (e.g., Braathen & Svebak, 1990; Braathen & Svebak, 1994; Gerkovich et al., 1998; Svebak, 1984, 1986; Svebak & Murgatroyd, 1985; Svebak et al., 1982) has suggested that the telic state underpins observed EMG gradients rather than telic metamotivational dominance as proposed in other research (Apter & Svebak, 1986; Rimehaug & Svebak, 1987). However, current results indicated that, unlike these previous studies, telic dominance and not state determined EMG gradients as these were observed in TDs but not PDs. An explanation for these conflicting findings may be the different task used in this study compared with previous research. Previous studies by Svebak and colleagues used a motor task of controlling a car in a video game, while the present research used simple leg exercise. Another reason might be the primary location of the EMG measurement. Previous reversal theory studies that have examined EMG gradients measured muscular activity only in participants’ forearms, while the present study examined leg muscles. According to a report by Malmo and Malmo (2000) only one previous study has examined EMG gradients in lower limb exercise (Macefield et al., 1991), which involved sustained voluntary isometric contraction of the ankle. EMG gradients were observed in the active muscle (although muscle activity in the passive leg was not measured nor were any personality variables). Thus the EMG gradients observed here add to both reversal theory findings and research into EMG gradients in general. A theoretical contribution made with this finding is that EMG gradients appear to be an artefact of dominance and not state as earlier studies, such as Apter and Svebak (1986) and Rimehaug and Svebak (1987), suggested. A second theoretical contribution is the support offered for Svebak’s contention within his triangular relationship, that metamotivational dominance is related to physiological responses. 
The final reason for differences between current and previous findings may be the subjects’ orientation towards planning ahead or being spontaneous during the exercise. Although EMG gradients were only observed in TDs, these individuals remained in a planning orientation in both the telic and paratelic state conditions. Thus there is a need for further research to examine whether planning-spontaneous orientations have any link with EMG gradients. Further examination of whether dominance or planning orientation is the cause of EMG gradients may then lead to useful intervention approaches to help individuals avoid unnecessary muscle tenion. If indeed telic dominance was the cause of EMG gradients, along with high stress levels, these individuals can be helped with stress management programmes. If a planning orientation is the cause, individuals can avoid unnecessary muscle tension (which causes EMG gradients) by learning to change into a spontaneous orientation.
HRV variables were employed as the main physiological markers for Studies 3 and 4, and have never been employed in previous reversal theory based studies. In both studies, in line with previous research, the majority of HRV components decreased after the exercise test (Arai et al., 1989; Cottin et al., 1999), which is caused by vagal withdrawal (Eckberg, 1997), where cardiac vagal control is lost (Rowell, 1993). Although there were differences in HRV variables in relation to dominance and state, these changes were not statistically significant. Thus, although responses in relation to reversal theory constructs of dominance and state make sense, the current findings do not contribute substantially to understanding these physiological responses in relation to these person variables. Therefore, there is a need for further studies in reversal theory to examine links between metamotivational dominance/state and HRV variables. Even though HRV variables are now widely used in sport and exercise science research, it may be useful to initially examine individuals in a resting state to determine links between various reversal theory variables and HRV (i.e., state, emotions and stress).
Heart rate was measured in all four studies with consistent results indicating that TD individuals had a lower resting heart rate than PD individuals. Lower resting heart rate in TD individuals compared with PD individuals has been observed in previous reversal theory research (Svebak, 1986). These results can be explained by the fact that the preferred exercise activities of TD individuals are endurance based such as jogging and rowing, while the preferred exercise activities of PD individuals are explosive activities such as sprint running and football. Endurance activities tend to decrease sympathetic activity, which results in a lower resting heart rate (Seely et al., 1974). Another explanation for this finding may be due to personality. There are psychophysiological studies that have reported a positive correlation between low resting heart rate and antisocial children (e.g., Ortiz & Raine, 2004; Raine et al., 1997).  Even though TD individuals are not considered antisocial, they do prefer individual exercise activities such as jogging which, given the above research findings, may be one of the reasons for their lower resting heart rate compared with PD individuals. In future, examining telic and paratelic dominants in a non exercising population may help resolve such questions. There is a further need to investigate whether personality characteristics associated with telic dominance relate to HRV responses as such findings will further strengthen reversal theory as a theory of personality. 
The current research examined exercise performance in TD and PD individuals in the telic and paratelic states. It was proposed that telic dominant individuals would perform better in endurance activities, and PD individuals would perform better in explosive activities (cf. Svebak & Kerr, 1989). In addition, it was proposed that both dominance groups would perform better in their preferred states. However, results did not fully support these hypotheses. All four studies showed no significant differences in performance between metamotivational dominance groups, although trends observed were generally in line with expectations. In Study 1, where an explosive activity was used, PD individuals performed slightly better in the paratelic state than in the telic state. In Study 2, where an endurance activity was used, TD individuals performed better than PD individuals, and both TD and PD individuals performed better in their preferred state. In Study 3, where an anaerobic power (explosive) task was used, PD individuals performed better than TD individuals, and both TD and PD individuals performed better in the telic state (this latter finding was not as expected). In Study 4, where an aerobic capacity (endurance) task was used, TD individuals performed better than PD individuals, and both TD and PD individuals performed better in their preferred state.
These trends are encouraging as they are mainly in line with the findings obtained in previous research. For example, in canoe slalom, which requires anaerobic output, is a paratelic activity, according to Males et al. (1998), best performance was observed when athletes were in the paratelic not the telic state. Perkins et al., (2001) measured maximal grip strength, an explosive activity (therefore considered a paratelic activity), in elite athletes from explosive sports, where subjects were telic dominants, in three different states: telic, paratelic, and neutral. Maximal grip strength performance was observed during the paratelic state condition compared with the telic state and the neutral condition. In reversal theory, there is a clear match between metamotivational dominance and preference of exercise activities, and the present research showed that optimal performances in these exercise activities may not match with commensurate metamotivational states. Thus there is a need for research to examine whether matched and mismatched metamotivational states and dominances do result in differences in performance on different task types. One of the weaknesses of previous reversal theory framed studies is that not many studies actually examined performance results as the majority of studies have concentrated on reversal of metamotivational states, emotions and stress. The present research examined performances in four different exercise activities, thus contributing to this body of research, and even though significant differences were not observed, overall, trends supported reversal theory propositions. 

Somatic emotion responses (i.e., excitement, relaxation, boredom and anxiety) were in line with previous findings by Kerr et al. (2006), where for some emotions, state effects were observed while other emotions showed time effects due to the results of exercise and manipulations in all four studies. However, results did not fully support the hypothesis for the current research. Indeed, emotions may not be influenced by current metamotivational state. As subjects knew that they had to exercise after 10 min of manipulation this may have influenced the lack of state effects on emotions. Even though the state manipulations worked, emotionally, subjects may have been preparing for exercise immediately following the 10 min manipulation period in both states. 
Generally, both TD and PD individuals were more excited post-exercise because of the exercise, and more excited in the paratelic state condition than the telic state condition, due to the manipulation. Relaxation, in general, decreased from baseline to post-exercise, but returned to baseline level after a resting period (for Studies 3 and 4). PD individuals showed a greater decrease in relaxation in the telic state, while TD individuals showed less diference between the two state conditions. These results support the study’s hypothesis and seem closely related to serious-playful scores, as subjects were excited in the paratelic (i.e., playful) condition and less excited in the telic (i.e., serious mindedness) condition. Anxiety decreased following manipulations and increased following simple leg exercise (but not aerobic and anaerobic cycle ergometer exercise) regardless of state for TD individuals. In contrast, anxiety level remained consistent in for PD individuals.  Generally, exercise and the paratelic state condition decreased boredom for PD individuals, but TD individuals showed less change in boredom. Overall, similar results were observed by Kerr et al., (2006), where running increased pleasant emotions and decreased unpleasant emotions, and, by Kerr et al., (2002), where no significant inter-group differences were observed in pleasant emotions between TD and PD tennis players. Results may indicate that PD individuals are more likely to show changes in emotions such as excitement, relaxation and boredom in relation to metamotivational state. After a rest period, both groups returned to their preferred state, however, the TD indivdiuals showed a stronger tendency to return to their preferred telic state as stated in reversal theory (Apter, 1989). There is a need for further investigations to observe whether emotions and metamotivational states are influenced differently in relation to metamotivational dominance and different tasks.
Overall, results did not fully support the matching hypothesis between state, dominance and emotions, however, exercise mode seems to have resulted in some differential emotional responses (i.e., match between telic dominance/state and endurance exercise and paratelic dominance/state and explosive exercise). Therefore future research comparing responses between telic and paratelic dominant individuals completing both exercise modes would help contribute to reversal theory. 
Proposed stress responses were not fully supported as the majority of stress responses demonstrated changes over time but little difference in relation to state and dominance, especially for TD individuals. PD individuals showed different stress responses in each study. Where no change in stress was observed in Study 1, in Study 2 significantly higher external tension stress was observed in the telic compared with the paratelic state, as were increases in internal tension and effort stress levels after exercise. In contrast increases were observed in all four stress variables post-exercise in Studies 3 and 4. The increase in stress level observed from pre- to post-exercise resulted from exercise-induced stress and, with more physical exertion involved in the activity, the higher stress levels individuals experienced. For PD individuals, endurance exercise (i.e., Studies 2 and 4) may have induced more stress than explosive exercise (i.e., Studies 1 and 3). In comparison, for TD individuals, stress was induced regardless of exercise mode. Gradual increases in stress from baseline to pre-exercise may have resulted because of TD individuals’ perception of an unresolved problem as stressful (e.g., the experiment in general and, in addition, on top of that an exercise test in Studies 3 and 4). The lesser impact on stress among PD individuals may have resulted because PD individuals thrive at moderate amounts of stress, perceiving such situations as challenging. Previous studies suggested that contexts such as situation and location can influence an individual’s interpretation of a stressor (e.g., Apter, 2001; Kerr et al., 2000; Tacon & Kerr, 1999). The situation of an ‘experiment’ in the present research may have therefore induced stress, especially for TD individuals.

7.4 Limitations and future directions

The current research yielded encouraging findings suggesting that Svebak’s proposed triangular relationship may exist among sports participants in the general population; however, there were limitations to the studies. One of the major limitations was the manipulation stimulus. A serious documentary movie was used to manipulate subjects into the telic state, and a comedy movie was used to manipulate subjects into the paratelic state. Even though subjects reversed into the target states using these stimuli, TD individuals maintained a planning orientation throughout the experimental protocol, and PD individuals maintained a spontaneous orientation. There is a need for an investigation to examine whether movie stimuli can be used to manipulate planning-spontaneous orientation. Perhaps using different movies for each individual may offer a better manipulation. By doing so, there is the possibility of observing differences in physiological, behavioural and emotional responses which were not evident in the current research. 
Another limitation of the current research was the measurement of state during exercise. For explosive exercise, there is no method available to measure individuals’ metamotivational state as the action lasts for a short period of time and the performance is intense. Therefore, the current research did not include a measure of state during exercise. However, state reversal is likely to occur during the task, which can be caused by contingent event, satiation or frustration (Barr et al., 1992; Hudson & Bates, 2000). There is therefore a need to develop a method for measuring state during intense, exhaustive exercise.
Although previous research by Kerr et al., (2006) reported that there are no significant differences in emotions during exercise in laboratory and natural settings, one of the limitations of the present research was that the protocol required the attachment of many probes to the subjects. This may have adversely affected subjects’ emotions and stress responses. In future studies, perhaps measurement can be simplified by investigating one physiological response per study. There is a need, however, for future research to examine a broader range of physiological responses in reversal theory based research. There may be a physiological marker which distinguishes more clearly between metamotivational dominances instead of those that have been examined here.
There are more non-TD/PD individuals in general and there are a total of eight metamotivational states (including telic/paratelic states). Thus there is a need to investigate other metamotivational pairs (i.e., conformist/negativistic, mastery/sympathy and autic/alloic) in both dominant and non-dominant individuals. By investigating all four pairs of metamotivational states, a more comprehensive understanding of the links between exercise behaviour, preference and psychophysiological responses to exercise can be developed. There is a possibility that Svebak’s triangular relationship can receive stronger support by studying all four pairs of metamotivational states, leading to the identification of exercise activities in which individuals can participate to optimise success and joy. Subsequent findings may also have a health purpose: by understanding which metamotivational dominances are linked with stress in a certain state, people can avoid experiencing exercise in that state. 







































































I am a PhD student at the University of Wales, Aberystwyth who is examining whether there is any correlation between human psychology, physiological responses, and exercise performance. This research is an important step in reversal theory, identifying whether there is a match between metamotivational dominance, preferred metamotivational state, exercise performance, and physiological response in non elite athletes. 

What will I have to do if I take part?
If you agree to take part in this study, I would like to ask you to fill in an initial questionnaire that assesses your general motivational tendencies and to provide demographic information such as sport played, gender, age and so on. There are no right or wrong answers and I encourage you to be completely honest in your responses. After I check your motivational tendencies, and if I want you to participate in my study, you will be asked to come to the lab 5 times. The first visit is for you to get comfortable with experimental procedures. Every time you come in for my experiment, you will be asked to fill in a short motivational questionnaire before, during, and after each session. I would also like to record your EMG activity and heart rate. In each session you will be asked to perform muscular leg exercises on the biodex.

Do I have to take part?
No, participation is completely voluntary. You are not forced or otherwise coerced to participate in this study. If there are questions in the questionnaire that you are not willing to respond to, you may disregard these questions. You may drop out at any time, and ask any questions you have about the research at any time. Participation or non-participation will have no implications for your degree studies. 

If I agree to take part, what happens to this information?
All the information you give us will remain strictly confidential and will be used for the purposes of this study only. Your questionnaire responses will be coded and not identifiable by anyone but the main investigator in this study. The data will be stored centrally in a locked cabinet drawer at the University of Wales, Aberystwyth. The information may be used in research publications, but the information will be used in a way so as not to identify any of the participants individually. 

What do I do now?
First please fill in the questionnaire you have been sent today and return it to the researcher. You will be contacted via e-mail for the later scheduling. If you incur an injury and are not able to participate, please reply to this e-mail. 

Questions?
If you have any questions about the study, please contact Yusuke Kuroda via e-mail: yyk05@aber.ac.uk,  via telephone: 01970622307, via post: Yusuke Kuroda, Department of Sport and Exercise Science, University of Wales Aberystwyth, Carwyn James building, Penglais Campus, Aberystwyth, Ceredigion, SY23 3FD. 


























































INFORMED CONSENT FOR OBSERVATIONS AND INTERVENTIONS

The participant should complete the whole of this sheet on their own


Have you read the participant information sheet?                                   Yes      No

Have you had the opportunity to ask questions and discuss the study?   Yes      No

Have you received satisfactory answers to all your questions?                Yes      No

Do you understand that you are free to withdraw from the study;
	at any time;                                                                                    Yes      No

	without having to give a reason for withdrawing?                        Yes      No

If you are student at the University, are you aware that taking
part or not taking part in this study will neither be detrimental to
nor further your position as a student                                                        Yes       No

Have you had sufficient time to think about your involvement
in this project?                                                                                            Yes       No

Do you agree to take part in this study?                                                     Yes       No

Do you have any physical or mental conditions that preclude you







































































Please read each statement carefully and decide whether the statement is TRUE or FALSE as it applies to you. Then indicate your decision by writing T or F in the space provided.


_____ 1. I think we should let the future look after itself.

_____ 2. I usually make decisions based on my long-term goals.

_____ 3. I have long-term life ambitions.

_____ 4. I regularly think of the future.

_____ 5. If I have extra time, I prefer to spend it accomplishing something important.

_____ 6. I often take risks.

_____ 7. I usually make decisions based on the way I feel at the time.

_____ 8. I like being in unpredictable situations.

_____ 9. I usually do things just for fun.

_____ 10. I generally do not take anything too seriously.

_____ 11. I am an adventurous sort of person.

_____ 12. I usually enjoy thinking about my long-term goals.

_____ 13. I almost never like to take chances.

_____ 14. I usually like to have peace and quiet.

_____ 15. I am a serious-minded person.

_____ 16. Usually, my leisure activities have no specific purpose.

_____ 17. I often do things just for excitement.

_____ 18. I like to take each day as it comes.

_____ 19. I usually take life seriously.

_____ 20. I think it is important to plan for the future.

_____ 21. I prefer leisure activities that have a serious purpose.

_____ 22. I seldom make long-term plans.

_____ 23. I prefer my life to be predictable and orderly.

_____ 24. I prefer a peaceful, quiet environment.

_____ 25. I make decisions based on what I expect my future needs to be.

_____ 26. In my free time, I prefer activities with no serious purpose.

_____ 27. I would rather think about the present than the future.

_____ 28. I prefer to go through life safely.

_____ 29. I tend to be impulsive.










































































































PDS scores for Studies 1, 2, 3 and 4,






	n = 157 (male = 96, female = 61)		Telic dominant = <10.34
			Paratelic dominant = >21.76
					





	n = 232 (male = 142, female = 90)		Telic dominant = <9.91	


















































































How often do you exercise? ___________________________________________________________________________

What is your favourite exercise activity? ____________________________________________________________________________












































































Department of Sport and Exercise Science
University of Wales Aberystwyth




Please answer these questions truthfully and completely.  The purpose of this questionnaire is to ensure that you are in a fit and healthy state to complete exercise associated with projects in the Department of Sport and Exercise Science.

	
1.	How frequent would you describe your present level of vigorous activity?

               __________________________________________________________

2.	Are you over 45 years (if male) or 55 years (if female)?
					Yes		No
			
3.	Do you suffer, or have you ever suffered from any form of heart complaint?
					Yes		No

4.	Do you have a family history of heart attack or sudden death below 65 years?
					Yes		No

5.	Do you suffer, or have you ever suffered from:

















9.	Do you currently have any form of muscle or joint injury?
					Yes		No

10.	Have you suffered from a bacterial or viral infection in the last two weeks?
					Yes		No

11.	Have you had cause to suspend your training in the last two weeks for a physical reason?
					Yes		No

12.	Is there any reason why you should not be able to successfully complete a test which requires a maximum effort?
					Yes		No












The above information is correct to the best of my belief and I understand it will be treated in the strictest confidence. The experimenter has fully explained the purpose of the experiment and the possible risks involved. I understand that I may withdraw from the experiment at any time and that I am under no obligation to give reasons for withdrawal. I will adhere the instructions of the experimenter regarding safety before, during, and after during experimentation. I hereby volunteer to participate in experimental work as a participant.

Name of participant         ……………………………………...


























































































Please rate your feelings at this moment in terms of the four following rating scales. Do this by circling a number.

1.	Estimate here how playful or serious you feel.

                Serious  |_____|_____|_____|_____|_____|  Playful
                             1         2         3         4        5         6


2.	Estimate here how far you would prefer to plan ahead or to be spontaneous.

Preferred planned  |_____|_____|_____|_____|_____|  Preferred spontaneous
                              1         2         3         4        5         6


3.	Estimate here how aroused (“worked up”) you actually feel.

        Low Arousal  |_____|_____|_____|_____|_____|  High arousal
   (not at all “worked up”)  1         2         3         4        5         6  (extremely “worked up”)


4.	Estimate here the level of arousal how “worked up” you would like to feel.

      Preferred low  |_____|_____|_____|_____|_____|  Preferred high                   
                             1         2         3         4        5         6


5.	Estimate here how much effort you invested in the task.

           Low effort  |_____|_____|_____|_____|_____|  High effort
                             1         2         3         4        5         6

1.	By “serious” here is meant the feeling that you are pursuing (or at least thinking about) some essential goal. For example, the goal may be to achieve something in the future which you believe to be important, or it may be to overcome some real danger or threat in the present.
By “playful” is meant the feeling that you are doing what you are doing for its own sake. In this case your activity is felt to be enjoyable in itself and not to require any further justification. Any goal which there might be is really an excuse for the behavior.

2.	By “planning ahead” is meant trying to oraganize your behavior in such a way that it leads effectively to some goal in the (perhaps distance) future, and being aware of the future consequences of your present actions.
By “spontaneous” is meant that your actions are undertaken on impulse, with little regard for future consequences. Note that this scale asks for your preference at the time in question, rather than your ability to plan or be spontaneous.

3.	By “arousal” here is meant how “worked up” you feel. You might experience high arousal in one of a variety of ways, for example as excitement or anxiety or anger. Low arousal might also be experienced by you in one of a number of different ways, for example as relaxation or boredom or calmness.




















































Please give your answers by circling the appropriate figures.

A.	Estimate the degree of pressure, stress, challenge, or demand that you are exposed to in the current situation as due to: 

                             No pressure                                                                Very much

      External factors:      1      -      2      -      3      -      4      -      5      -      6      -      7  
Your own body:      1      -      2      -      3      -      4      -      5      -      6      -      7  
 
B.	Estimate the degree of effort that you put up in the current situation to cope with pressure etc. from:

                             No pressure                                                                Very much

External factors:      1      -      2      -      3      -      4      -      5      -      6      -      7  
Your own body:      1      -      2      -      3      -      4      -      5      -      6      -      7  

C.	Estimate here the degree to which you experience the following moods or emotions in the current situation:

                             No pressure                                                                Very much

      Relaxation:              1      -      2      -      3      -      4      -      5      -      6      -      7  

Anxiety:                  1      -      2      -      3      -      4      -      5      -      6      -      7  

Excitement:             1      -      2      -      3      -      4      -      5      -      6      -      7  

Boredom:                1      -      2      -      3      -      4      -      5      -      6      -      7  

Placidity:                 1      -      2      -      3      -      4      -      5      -      6      -      7  

Anger:                      1      -      2      -      3      -      4      -      5      -      6      -      7 
 
Provocativeness:      1      -      2      -      3      -      4      -      5      -      6      -      7  

Sullenness:               1      -      2      -      3      -      4      -      5      -      6      -      7  

Pride:                       1      -      2      -      3      -      4      -      5      -      6      -      7  

Humiliation:             1      -      2      -      3      -      4      -      5      -      6      -      7   

Modesty:                 1      -      2      -      3      -      4      -      5      -      6      -      7   
 
Shame:                     1      -      2      -      3      -      4      -      5      -      6      -      7  

Gratitude:                1      -      2      -      3      -      4      -      5      -      6      -      7  

Resentment:            1      -      2      -      3      -      4      -      5      -      6      -      7  

Virtue:                     1      -      2      -      3      -      4      -      5      -      6      -      7  


























































Kurtosis	-0.22 	0.86 	1.19 	0.39 	-0.13 	0.34 	0.14 	0.16 	-0.62 	0.18 	-0.44 	-0.43 
Skewness	1.16 	1.73 	1.96 	1.43 	-0.91 	1.28 	2.06 	1.11 	1.03 	1.44 	0.97 	0.40 
　	TSbaseFA	TSpreFA	TSpostFA	PSbaseFA	PSpreFA	PSpostFA	TSbasePA	TSprePA	TSpostPA	PSbasePA	PSprePA	PSpostPA
Kurtosis	-0.45 	0.18 	-0.28 	-0.18 	-1.35 	-0.54 	-0.97 	0.58 	-0.18 	-1.09 	-1.29 	-1.43 
Skewness	-1.18 	1.44 	-0.47 	0.72 	1.11 	-1.48 	0.44 	1.04 	0.27 	-0.42 	0.47 	-0.07 
　	TSbaseR	TSpreR	TSpostR	PSbaseR	PSpreR	PSpostR	TSbaseA	TSpreA	TSpostA	PSbaseA	PSpreA	PSpostA
Kurtosis	-0.97 	-0.21 	1.53 	-1.32 	-0.78 	0.51 	-1.31 	-0.63 	-0.38 	3.47 	4.15 	-0.34 
Skewness	0.36 	-1.13 	1.17 	0.29 	-0.22 	1.29 	-0.43 	0.86 	0.84 	3.27 	3.37 	1.02 
　	TSbaseE	TSpreE	TSpostE	PSbaseE	PSpreE	PSpostE	TSbaseB	TSpreB	TSpostB	PSbaseB	PSpreB	PSpostB
Kurtosis	-0.57 	-0.62 	-1.21 	-0.04 	-0.90 	-0.79 	1.41 	-0.27 	0.48 	5.63 	3.68 	9.15 
Skewness	-0.07 	1.03 	0.25 	1.63 	0.74 	0.60 	2.30 	1.55 	2.06 	3.87 	3.62 	5.36 
　	TSbaseETS	TSpreETS	TSpostETS	PSbaseETS	PSpreETS	PSpostETS	TSbaseITS	TSpreITS	TSpostITS	PSbaseITS	PSpreITS	PSpostITS
Kurtosis	-0.89 	-1.08 	-0.47 	-0.27 	0.01 	-0.48 	0.37 	-0.27 	0.66 	2.48 	1.24 	-0.74 
Skewness	-0.25 	0.45 	-0.16 	0.92 	1.39 	0.13 	0.80 	0.98 	0.74 	2.35 	2.08 	-0.04 
　	TSbaseEES	TSpreEES	TSpostEES	PSbaseEES	PSpreEES	PSpostEES	TSbaseIES	TSpreIES	TSpostIES	PSbaseIES	PSpreIES	PSpostIES
Kurtosis	-0.48 	0.02 	0.80 	-1.07 	0.09 	0.26 	-0.91 	1.58 	0.51 	-0.36 	-0.50 	-0.93 


































































Kurtosis	-0.69 	-0.66 	0.86 	0.19 	-0.42 	-0.28 	-1.08 	-0.87 	-0.04 	-0.42 	-0.63 	-0.46 
Skewness	0.06 	0.85 	1.19 	-1.38 	0.33 	-0.49 	-0.50 	-0.61 	-0.39 	-0.33 	0.64 	0.34 
　	TSbaseFA	TSpreFA	TSpostFA	PSbaseFA	PSpreFA	PSpostFA	TSbasePA	TSprePA	TSpostPA	PSbasePA	PSprePA	PSpostPA
Kurtosis	0.54 	-0.88 	-0.65 	-0.49 	-0.77 	-1.08 	-0.46 	0.44 	-0.16 	-0.54 	-0.81 	0.43 
Skewness	1.93 	0.22 	-0.56 	-1.38 	0.42 	-0.23 	-0.34 	-0.86 	-0.25 	0.21 	0.21 	1.05 
　	TSbaseR	TSpreR	TSpostR	PSbaseR	PSpreR	PSpostR	TSbaseA	TSpreA	TSpostA	PSbaseA	PSpreA	PSpostA
Kurtosis	-1.16 	0.26 	-0.53 	-1.14 	0.04 	-1.30 	0.16 	-0.97 	-0.60 	-0.02 	1.44 	1.95 
Skewness	-0.73 	-1.68 	0.32 	-0.75 	-1.93 	-0.72 	0.24 	0.57 	1.14 	0.77 	2.32 	2.61 
　	TSbaseE	TSpreE	TSpostE	PSbaseE	PSpreE	PSpostE	TSbaseB	TSpreB	TSpostB	PSbaseB	PSpreB	PSpostB
Kurtosis	-0.02 	-0.69 	-1.12 	-0.81 	1.46 	-0.11 	-0.52 	-0.36 	-0.45 	-0.54 	-0.07 	1.28 
Skewness	-0.77 	1.25 	0.81 	0.21 	1.64 	0.87 	0.00 	1.19 	1.18 	-0.21 	1.52 	2.07 
　	TSbaseETS	TSpreETS	TSpostETS	PSbaseETS	PSpreETS	PSpostETS	TSbaseITS	TSpreITS	TSpostITS	PSbaseITS	PSpreITS	PSpostITS
Kurtosis	-1.41 	0.52 	-0.45 	-0.51 	-1.12 	0.44 	1.49 	3.76 	-0.30 	-0.51 	-0.27 	3.64 
Skewness	0.27 	1.16 	0.78 	1.00 	-1.54 	0.86 	1.76 	2.82 	0.97 	1.00 	0.50 	2.79 
　	TSbaseEES	TSpreEES	TSpostEES	PSbaseEES	PSpreEES	PSpostEES	TSbaseIES	TSpreIES	TSpostIES	PSbaseIES	PSpreIES	PSpostIES
Kurtosis	-1.31 	-0.64 	-0.45 	-0.33 	-0.27 	3.10 	-0.72 	-0.51 	-0.57 	-1.21 	-0.63 	3.24 


































































Kurtosis	-0.55 	1.23 	-9.96 	-0.83 	-1.10 	-0.87	0.47 	0.83	3.55 	0.23 	11.74 	-1.44 
Skewness	0.24 	1.34 	1.12 	1.39 	-0.82 	-0.01 	0.36 	2.64 	0.88	3.46	1.59	1.10 
　	TSbaseFA	TSpreFA	TSpostFA	PSbaseFA	PSpreFA	PSpostFA	TSbasePA	TSprePA	TSpostPA	PSbasePA	PSprePA	PSpostPA
Kurtosis	-0.81 	-0.87 	-1.40 	-0.90 	-1.53 	-1.82 	-2.44 	-2.89 	-1.84 	-1.29 	-1.29 	-1.82 
Skewness	-0.47 	0.01 	0.07 	-0.26 	0.82 	3.21 	-1.02 	-1.12 	-0.51 	-0.73 	-0.73 	2.79 
　	TSbaseR	TSpreR	TSpostR	PSbaseR	PSpreR	PSpostR	TSbaseA	TSpreA	TSpostA	PSbaseA	PSpreA	PSpostA
Kurtosis	-2.17 	5.35 	-2.39 	-7.73 	-2.66 	-2.02 	-3.96 	-2.25 	4.36 	4.28 	4.82 	-2.61 
Skewness	0.75 	-1.75 	0.92 	-0.02 	-1.03 	1.00 	1.73 	1.60 	1.91 	1.45 	2.06 	1.15 
　	TSbaseE	TSpreE	TSpostE	PSbaseE	PSpreE	PSpostE	TSbaseB	TSpreB	TSpostB	PSbaseB	PSpreB	PSpostB
Kurtosis	-2.33 	0.50 	-1.91 	1.45 	-0.71 	0.53 	-1.05 	-1.92 	27.85 	0.86 	0.29 	-0.83 
Skewness	0.95 	1.91 	1.18 	1.89 	0.27 	2.94 	0.72 	1.07 	1.67 	2.43 	2.82 	1.39 
　	TSbaseETS	TSpreETS	TSpostETS	PSbaseETS	PSpreETS	PSpostETS	TSbaseITS	TSpreITS	TSpostITS	PSbaseITS	PSpreITS	PSpostITS
Kurtosis	-2.70 	-1.36 	-1.03 	-1.61 	-2.33 	11.74 	-5.18 	1.12 	3.74 	-1.06 	-1.64 	75.64 
Skewness	0.64 	0.76 	-0.95 	0.25 	0.95 	-1.59 	0.78 	1.59 	-0.14 	0.22 	0.33 	0.18 
　	TSbaseEES	TSpreEES	TSpostEES	PSbaseEES	PSpreEES	PSpostEES	TSbaseIES	TSpreIES	TSpostIES	PSbaseIES	PSpreIES	PSpostIES
Kurtosis	-2.29 	2.61 	-2.33 	-3.70 	0.77 	-3.84 	-1.33 	0.60 	-5.78 	-1.39 	3.17 	-1.50 



































































Kurtosis	0.15 	-0.02 	0.18 	0.72 	-0.93 	-0.28 	-0.24 	-0.15 	0.43 	-1.98 	-1.03 	-0.21 
Skewness	0.35 	1.55 	-0.30 	-0.93 	-0.33 	-0.99 	0.65 	0.14 	-1.12 	3.67 	1.25 	0.22 
　	TSbaseFA	TSpreFA	TSpostFA	PSbaseFA	PSpreFA	PSpostFA	TSbasePA	TSprePA	TSpostPA	PSbasePA	PSprePA	PSpostPA
Kurtosis	-0.26 	0.13 	-0.96 	-0.81 	0.02 	-0.93 	-0.52 	-1.02 	-0.26 	-0.75 	-0.42 	-0.17 
Skewness	0.69 	1.18 	0.17 	0.39 	0.87 	0.73 	0.82 	0.25 	-0.69 	0.81 	1.23 	-0.45 
　	TSbaseR	TSpreR	TSpostR	PSbaseR	PSpreR	PSpostR	TSbaseA	TSpreA	TSpostA	PSbaseA	PSpreA	PSpostA
Kurtosis	0.18 	0.04 	-0.63 	-0.04 	1.47 	0.17 	-0.70 	1.77 	4.32 	5.71 	-1.84 	1.14 

Skewness	-0.30 	-1.78 	-0.18 	-1.47 	-2.17 	-1.58 	0.75 	2.71 	3.47 	3.90 	0.61 	2.07 
　	TSbaseE	TSpreE	TSpostE	PSbaseE	PSpreE	PSpostE	TSbaseB	TSpreB	TSpostB	PSbaseB	PSpreB	PSpostB
Kurtosis	1.99 	-0.93 	-0.94 	-0.70 	0.35 	1.05 	-0.70 	-1.14 	1.27 	3.35 	2.57 	1.81 
Skewness	8.77 	0.33 	0.00 	0.26 	-2.09 	1.06 	0.75 	-0.42 	2.22 	2.90 	3.03 	2.69 
　	TSbaseETS	TSpreETS	TSpostETS	PSbaseETS	PSpreETS	PSpostETS	TSbaseITS	TSpreITS	TSpostITS	PSbaseITS	PSpreITS	PSpostITS
Kurtosis	-0.07 	0.93 	-0.28 	-0.02 	-0.38 	0.85 	-0.69 	1.21 	-0.54 	3.37 	1.13 	1.08 
Skewness	-0.27 	1.21 	0.99 	1.55 	1.55 	1.68 	2.36 	1.70 	0.30 	3.01 	2.28 	1.97 
　	TSbaseEES	TSpreEES	TSpostEES	PSbaseEES	PSpreEES	PSpostEES	TSbaseIES	TSpreIES	TSpostIES	PSbaseIES	PSpreIES	PSpostIES
Kurtosis	-0.69 	2.05 	1.08 	0.10 	0.29 	0.30 	-0.56 	1.08 	0.99 	3.54 	-1.84 	1.85 



































































I am a PhD student at the University of Wales, Aberystwyth who is examining whether there is any correlation between human psychology, physiological responses, and exercise performance. This research is an important step in reversal theory, identifying whether there is a match between metamotivational dominance, preferred metamotivational state, exercise performance, and physiological response in non elite athletes. 

What will I have to do if I take part?
If you agree to take part in this study, I would like to ask you to fill in an initial questionnaire that assesses your general motivational tendencies and to provide demographic information such as sport played, gender, age and so on. There are no right or wrong answers and I encourage you to be completely honest in your responses. After I check your motivational tendencies, and if I want you to participate in my study, you will be asked to come to the lab 5 times. The first visit is for you to get comfortable with experimental procedures. Every time you come in for my experiment, you will be asked to fill in a short motivational questionnaire before, during, and after each session. I would also like to record your HRV (and oxygen consumption for VO2 peak test). In each session you will be asked to perform Wingate Test (for one study) and VO2 peak test (for another) on the bicycle ergometer.

Do I have to take part?
No, participation is completely voluntary. You are not forced or otherwise coerced to participate in this study. If there are questions in the questionnaire that you are not willing to respond to, you may disregard these questions. You may drop out at any time, and ask any questions you have about the research at any time. Participation or non-participation will have no implications for your degree studies. 

If I agree to take part, what happens to this information?
All the information you give us will remain strictly confidential and will be used for the purposes of this study only. Your questionnaire responses will be coded and not identifiable by anyone but the main investigator in this study. The data will be stored centrally in a locked cabinet drawer at the University of Wales, Aberystwyth. The information may be used in research publications, but the information will be used in a way so as not to identify any of the participants individually. 

What do I do now?
First please fill in the questionnaire you have been sent today and return it to the researcher. You will be contacted via e-mail for the later scheduling. If you incur an injury and are not able to participate, please reply to this e-mail. 

Questions?
If you have any questions about the study, please contact Yusuke Kuroda via e-mail: yyk05@aber.ac.uk,  via telephone: 01970622307, via post: Yusuke Kuroda, Department of Sport and Exercise Science, University of Wales Aberystwyth, Carwyn James building, Penglais Campus, Aberystwyth, Ceredigion, SY23 3FD. 






































































Kurtosis	0.55 	-0.20 	0.13 	0.98 	-0.77 	-1.44 	-0.46 	-1.22 	-0.01 	2.11 	4.69 	2.28 	2.25 	-0.94 	0.59 	2.34 
Skewness	1.80 	0.85 	1.41 	1.30 	1.15 	0.37 	-0.15 	1.20 	1.32 	2.32 	3.40 	2.23 	2.27 	0.99 	1.78 	2.05 
　	TSbaseFA	TSpreFA	TSpostFA	TS15pFA	PSbaseFA	PSpreFA	PSpostFA	PS15pFA	TSbasePA	TSprePA	TSpostPA	TS15pPA	PSbasePA	PSprePA	PSpostPA	PS15pPA
Kurtosis	-0.78 	-0.22 	-1.44 	-0.74 	0.80 	0.52 	-0.54 	1.20 	0.75 	0.35 	-0.59 	-0.57 	-0.57 	0.59 	-0.30 	-0.46 
Skewness	-0.48 	-0.52 	-0.37 	0.30 	0.03 	-2.26 	-0.38 	1.71 	-0.37 	-1.15 	-0.58 	0.96 	-0.96 	0.92 	0.91 	0.15 
　	TSbaseR	TSpreR	TSpostR	TS15pR	PSbaseR	PSpreR	PSpostR	PS15pR	TSbaseA	TSpreA	TSpostA	TS15pA	PSbaseA	PSpreA	PSpostA	PS15pA
Kurtosis	-1.07 	0.58 	-1.54 	-0.54 	-0.94 	-0.39 	-0.54 	-0.81 	-1.12 	-0.59 	0.19 	-0.91 	1.10 	0.98 	0.97 	-0.39 
Skewness	0.35 	1.44 	0.37 	-0.38 	-0.29 	0.77 	0.38 	0.17 	0.33 	0.58 	-0.29 	0.70 	1.66 	1.30 	1.32 	0.90 
　	TSbaseE	TSpreE	TSpostE	TS15pE	PSbaseE	PSpreE	PSpostE	PS15pE	TSbaseB	TSpreB	TSpostB	TS15pB	PSbaseB	PSpreB	PSpostB	PS15pB
Kurtosis	-0.84 	-1.84 	-0.22 	-0.74 	-0.58 	-0.88 	-0.46 	-0.91 	-0.32 	1.98 	0.52 	-0.08 	0.52 	3.32 	6.43 	-1.23 
Skewness	0.25 	-0.38 	0.52 	-0.30 	0.73 	-0.26 	0.15 	0.70 	1.66 	2.69 	2.26 	1.70 	2.26 	2.96 	4.18 	0.32 
　	TSbaseETS	TSpreETS	TSpostETS	TS15pETS	PSbaseETS	PSpreETS	PSpostETS	PS15pETS	TSbaseITS	TSpreITS	TSpostITS	YS15pITS	PSbaseITS	PSpreITS	PSpostITS	PS15pITS
Kurtosis	0.99 	1.52 	0.76 	-0.32 	-1.13 	-0.74 	-0.76 	0.13 	-0.19 	-0.28 	-0.42 	-0.84 	0.53 	-0.57 	-0.78 	2.64 
Skewness	1.77 	1.43 	0.98 	1.66 	0.47 	-0.30 	0.20 	1.41 	1.37 	1.18 	-1.02 	0.25 	1.85 	0.75 	-0.48 	2.35 
　	TSbaseEES	TSpreEES	TSpostEES	TS15pEES	PSbaseEES	PSpreEES	PSpostEES	PS15pEES	TSbaseIES	TSpreIES	TSpostIES	TS15pIES	PSbaseIES	PSpreIES	PSpostIES	PS15pIES
Kurtosis	-0.91 	2.60 	0.56 	0.55 	-0.20 	0.77 	-0.89 	2.34 	-0.32 	0.92 	-0.22 	-0.88 	0.99 	-0.01 	0.90 	0.25 


































































Kurtosis	0.10 	2.86 	0.35 	-0.14 	-0.88 	-1.44 	-0.88 	0.39 	-0.01 	0.39 	0.59 	2.25 	-0.20 	-0.03 	-0.56 	0.54 
Skewness	0.30 	-2.96 	1.59 	-0.58 	0.26 	0.77 	-0.26 	0.37 	-0.70 	-0.37 	-0.41 	-2.27 	-4.84 	0.35 	-0.18 	-1.55 
　	TSbaseFA	TSpreFA	TSpostFA	TS15pFA	PSbaseFA	PSpreFA	PSpostFA	PS15pFA	TSbasePA	TSprePA	TSpostPA	TS15pPA	PSbasePA	PSprePA	PSpostPA	PS15pPA
Kurtosis	0.59 	0.21 	-0.54 	0.21 	-0.76 	0.39 	0.13 	-0.84 	-0.39 	2.17 	-0.54 	-0.56 	-1.41 	0.35 	-1.47 	-1.36 
Skewness	0.92 	-1.35 	0.38 	1.35 	0.20 	-0.37 	-1.41 	-0.25 	-0.90 	-2.47 	-0.38 	1.32 	0.14 	-1.15 	-0.41 	0.06 
　	TSbaseR	TSpreR	TSpostR	TS15pR	PSbaseR	PSpreR	PSpostR	PS15pR	TSbaseA	TSpreA	TSpostA	TS15pA	PSbaseA	PSpreA	PSpostA	PS15pA
Kurtosis	1.96 	-1.17 	-1.11 	-1.03 	-0.72 	-0.28 	0.25 	-1.00 	2.34 	-0.11 	-0.16 	-1.84 	-0.77 	-0.39 	-0.58 	-0.20 
Skewness	-2.36 	-0.15 	0.33 	-0.37 	-1.03 	-0.66 	1.14 	-0.79 	2.05 	1.68 	1.53 	0.38 	0.97 	0.77 	1.22 	1.46 
　	TSbaseE	TSpreE	TSpostE	TS15pE	PSbaseE	PSpreE	PSpostE	PS15pE	TSbaseB	TSpreB	TSpostB	TS15pB	PSbaseB	PSpreB	PSpostB	PS15pB
Kurtosis	-0.58 	-0.12 	-1.23 	-1.11 	-1.41 	0.98 	-1.06 	0.90 	-0.57 	3.01 	3.36 	0.99 	-1.84 	0.52 	6.43 	2.41 
Skewness	-0.73 	0.88 	0.59 	-0.33 	-0.14 	-1.30 	0.21 	1.07 	0.96 	2.58 	2.95 	1.77 	-0.38 	2.26 	4.18 	2.68 
　	TSbaseETS	TSpreETS	TSpostETS	TS15pETS	PSbaseETS	PSpreETS	PSpostETS	PS15pETS	TSbaseITS	TSpreITS	TSpostITS	YS15pITS	PSbaseITS	PSpreITS	PSpostITS	PS15pITS
Kurtosis	-0.20 	0.25 	-1.54 	-0.77 	-0.45 	0.21 	-0.58 	3.82 	2.86 	-0.30 	-0.18 	-1.11 	-0.39 	-0.84 	-1.22 	-1.29 
Skewness	3.52 	1.24 	-0.37 	1.15 	1.28 	1.35 	-1.22 	2.99 	2.07 	0.91 	-1.37 	-0.33 	0.90 	0.25 	-0.73 	-0.49 
　	TSbaseEES	TSpreEES	TSpostEES	TS15pEES	PSbaseEES	PSpreEES	PSpostEES	PS15pEES	TSbaseIES	TSpreIES	TSpostIES	TS15pIES	PSbaseIES	PSpreIES	PSpostIES	PS15pIES
Kurtosis	-0.01 	0.78 	-0.76 	0.56 	0.10 	-0.01 	-0.10 	0.94 	0.59 	-1.11 	-0.59 	-1.21 	2.11 	-0.01 	-0.39 	-0.82 


































































Kurtosis	-1.93 	-0.81 	2.65 	0.13 	-0.11 	1.53 	-0.66 	-0.93 	-0.34 	-0.21 	-0.21 	-0.92 	1.00 	2.71 	0.13 	-1.93 
Skewness	8.57 	0.59 	2.50 	-0.19 	-1.14 	2.41 	1.07 	-0.06 	1.04 	0.63 	0.63 	-1.51 	2.00 	2.13 	0.19 	0.00 
　	TSbaseFA	TSpreFA	TSpostFA	TS15pFA	PSbaseFA	PSpreFA	PSpostFA	PS15pFA	TSbasePA	TSprePA	TSpostPA	TS15pPA	PSbasePA	PSprePA	PSpostPA	PS15pPA
Kurtosis	-0.12 	0.28 	0.13 	-0.81 	-0.35 	3.37 	1.12 	0.13 	0.85 	-0.55 	-1.08 	-0.93 	0.11 	-1.24 	-0.87 	0.41 
Skewness	-0.89 	0.57 	-0.19 	-0.59 	0.73 	-7.43 	-0.13 	0.19 	-0.14 	-0.24 	-0.37 	0.06 	-0.03 	-0.13 	-0.46 	0.70 
　	TSbaseR	TSpreR	TSpostR	TS15pR	PSbaseR	PSpreR	PSpostR	PS15pR	TSbaseA	TSpreA	TSpostA	TS15pA	PSbaseA	PSpreA	PSpostA	PS15pA
Kurtosis	-0.41 	-0.41 	1.66 	0.18 	1.13 	-0.05 	0.34 	-0.30 	-0.63 	-0.04 	1.08 	-0.81 	-0.88 	-1.30 	0.34 	0.61 
Skewness	-0.68 	0.68 	1.93 	4.90 	-1.09 	0.51 	1.54 	-0.96 	0.74 	0.90 	1.99 	0.59 	0.15 	0.33 	1.54 	1.47 
　	TSbaseE	TSpreE	TSpostE	TS15pE	PSbaseE	PSpreE	PSpostE	PS15pE	TSbaseB	TSpreB	TSpostB	TS15pB	PSbaseB	PSpreB	PSpostB	PS15pB
Kurtosis	-1.01 	-1.04 	0.65 	0.89 	-0.41 	-1.71 	-1.09 	-0.78 	0.71 	1.18 	4.27 	-0.97 	-0.71 	1.05 	1.05 	2.95 
Skewness	0.83 	1.22 	1.37 	1.45 	0.68 	0.70 	0.06 	1.00 	1.81 	2.00 	3.44 	1.11 	1.48 	2.59 	2.59 	2.92 
　	TSbaseETS	TSpreETS	TSpostETS	TS15pETS	PSbaseETS	PSpreETS	PSpostETS	PS15pETS	TSbaseITS	TSpreITS	TSpostITS	YS15pITS	PSbaseITS	PSpreITS	PSpostITS	PS15pITS
Kurtosis	-0.26 	1.48 	-0.47 	0.68 	3.96 	1.84 	1.22 	1.30 	-1.13 	-1.33 	-0.56 	-0.02 	-1.08 	0.89 	-0.28 	0.30 
Skewness	0.34 	1.84 	-0.26 	1.58 	3.13 	1.97 	-1.11 	2.05 	0.30 	0.21 	-0.51 	0.79 	0.37 	-1.45 	-1.17 	0.88 
　	TSbaseEES	TSpreEES	TSpostEES	TS15pEES	PSbaseEES	PSpreEES	PSpostEES	PS15pEES	TSbaseIES	TSpreIES	TSpostIES	TS15pIES	PSbaseIES	PSpreIES	PSpostIES	PS15pIES
Kurtosis	-0.12 	-0.26 	-0.88 	-0.93 	2.16 	0.08 	0.02 	0.11 	-1.19 	-0.28 	-0.67 	-0.53 	1.39 	1.53 	-0.47 	-0.66 


































































Kurtosis	-0.67 	-0.92 	-0.81 	-1.09 	-0.57 	-1.60 	1.19 	1.39 	-1.08 	-0.05 	-0.67 	0.19 	2.87 	-0.26 	0.68 	0.11 
Skewness	-0.40 	-1.51 	-0.59 	-0.06 	-0.85 	0.00 	1.37 	1.56 	0.37 	-0.41 	0.40 	-1.19 	-2.42 	-0.34 	-0.35 	-0.03 
　	TSbaseFA	TSpreFA	TSpostFA	TS15pFA	PSbaseFA	PSpreFA	PSpostFA	PS15pFA	TSbasePA	TSprePA	TSpostPA	TS15pPA	PSbasePA	PSprePA	PSpostPA	PS15pPA
Kurtosis	-0.68 	-0.81 	-0.30 	-0.02 	4.75 	-0.90 	2.11 	-1.51 	-0.10 	0.03 	-0.87 	-0.54 	0.20 	1.30 	2.48 	-0.36 
Skewness	-2.06 	0.59 	-0.96 	1.18 	2.78 	-0.33 	-1.93 	-0.14 	-0.89 	-1.07 	-0.90 	0.51 	-0.89 	-1.66 	-2.30 	0.27 
　	TSbaseR	TSpreR	TSpostR	TS15pR	PSbaseR	PSpreR	PSpostR	PS15pR	TSbaseA	TSpreA	TSpostA	TS15pA	PSbaseA	PSpreA	PSpostA	PS15pA
Kurtosis	-0.39 	-1.04 	1.12 	-0.02 	0.56 	0.38 	0.34 	-0.65 	0.30 	-1.32 	2.54 	0.71 	-0.66 	-0.93 	0.51 	2.50 
Skewness	-0.66 	0.43 	-0.13 	-0.79 	-1.44 	1.06 	1.54 	-0.79 	0.88 	4.20 	2.61 	1.81 	1.07 	0.56 	2.10 	2.25 
　	TSbaseE	TSpreE	TSpostE	TS15pE	PSbaseE	PSpreE	PSpostE	PS15pE	TSbaseB	TSpreB	TSpostB	TS15pB	PSbaseB	PSpreB	PSpostB	PS15pB
Kurtosis	-0.62 	1.26 	-0.36 	1.37 	-0.28 	3.64 	-0.56 	-0.26 	-0.92 	-1.19 	1.05 	-0.57 	-0.74 	-1.44 	-1.71 	-0.17 
Skewness	1.36 	2.08 	0.27 	1.48 	-0.34 	2.85 	0.51 	0.34 	1.51 	-0.01 	2.59 	1.00 	1.36 	0.69 	-0.70 	-0.59 
　	TSbaseETS	TSpreETS	TSpostETS	TS15pETS	PSbaseETS	PSpreETS	PSpostETS	PS15pETS	TSbaseITS	TSpreITS	TSpostITS	YS15pITS	PSbaseITS	PSpreITS	PSpostITS	PS15pITS
Kurtosis	-0.12 	-1.32 	-1.01 	0.13 	-0.66 	-0.12 	-0.57 	2.71 	0.16 	-0.26 	-0.81 	-0.67 	-1.32 	-1.08 	-0.93 	-1.09 
Skewness	0.89 	1.30 	-0.32 	0.19 	1.07 	0.89 	0.36 	2.13 	1.44 	0.34 	-0.59 	0.40 	1.30 	0.37 	-0.06 	-0.06 
　	TSbaseEES	TSpreEES	TSpostEES	TS15pEES	PSbaseEES	PSpreEES	PSpostEES	PS15pEES	TSbaseIES	TSpreIES	TSpostIES	TS15pIES	PSbaseIES	PSpreIES	PSpostIES	PS15pIES
Kurtosis	-0.75 	-0.53 	-1.40 	0.20 	-0.09 	-0.93 	-1.38 	0.47 	1.36 	-0.02 	-0.28 	-0.30 	-0.30 	-0.28 	-0.96 	0.18 
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